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for  DISTORTION  and  BRIDGE  MEASUREMENTS 
at  2  to  15,000  CYCLES 
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This  highly  stable  oscillator  with  unusually  low  distortion-i«-  ' 
is  of  the  resistance-tuned  type  and  operates  on  the  inverse*  *• 
feedback  principle  develo^d  by  General  Radio.  ' ''  J 

The  Type  1301-A  Low-Distortion  Oscillator  is  especially  suit¬ 
able  as  an  a-f  power  source  for  bridge  use,  for  general  distortion  '  ' 
measurements,  to  obtain  frequency  characteristics  and  to  make  ‘ 
rapid  measurements  of  distortion  in  broadcast  transmitter  systems. 


•  Th*'  normal  ranff  of  this  os¬ 
cillator  is  20  to  is,ooo  cyclts. 
Tbt  Rangt  Extension  Unit 
{above)  lowers  this  range  by  a 
full  decade  to  2  to  //  cycles, 
greatly  extending  its  usefulness 
to  frequencies  considerably  below 
those  heretofore  practicable. 

With  its  very  high  stability, 
unusually  low  distortion  and 
many  operating  conveniences, 
the  Type  ijoi-A  Low-Distor¬ 
tion  Oscillator  fills  a  universal 
rued  in  distortion  and  bridge 
measurements. 

TYPE  1301 -PI  RANGE  EXTBI- 
SION  UNIT . $70.00 


FEATURES 

•  WIDE  FREQUENCY  RANGE  —  20  to  15,000  cycles  (with  Range  Extension 
Unit,  2  to  15,000  cycles) 

•  CONVENIENT  TO  USE  —  27  fixed  frequencies,  selected  by  two  push-buttop/*^' 
switches  in  logarithmic  steps  —  any  desired  frequency  between  steps  obtained 
by  plugging  in  external  resistors 

•  THREE  OUTPUT  IMPEDANCES  —  600-ohm  balanced  to  ground;  600-ohm  un¬ 
balanced;  5,000  ohm  unbalanced  ^ 

•  EXCEPTIONALLY  PURE  WAVEFORM  —  Distortion  not  more  than  the  follow¬ 
ing  percentages:  with  5,000-ohm  output  0.1%  from  40  to  7,500  cycles;  0.15%  at  ' 
other  frequencies.  With  600-ohm  output  0.1%  from  40  to  7,500  cycles;  0.25% 
from  20  to  40  cycles  and  0.15%  above  7,500  cycles 

•  HIGH  STABILITY  —  Frequency  is  not  affected  by  changes  in  load  or  plate 
supply  voltage.  Drift  less  than  0.02%  per  hour  after  a  few  minutes  operation 

•  ACCURATE  FREQUENCY  CAUBRATION  —  Adjusted  to  within  1^%  ±01 
cycle  ^ 

•  NO  TEMPERATURE  OR  HUMIDITY  EFFECTS  —  In  ordinary  climatic  changes, 
.operation  is  unaffected 

TYPE  1301-A  LOW-DISTORTION  OSCILLATOR  $395.00 
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BRIEFS 


By  W.  W.  MacDONALD 


POimVtENE  FILM 
CAPACITORS 


POLYSTYBENB  plastic-filffl  oipacitort  are 
•  Solar  q>ecialty  product  tor  unusual 
circuit  applindons.  Polystyrene  dielearic 
capacitors  have  exceptionally  low  power 
factor,  very  hi^  insulation  resistance, 
excellrat  temperature-capadunce  stability 
and  unusually  low  dielectric  hysteresis. 

Topical  applications  for  polystyrene  ca¬ 
pacitors  include  timing  and  integrating 
capacitors,  r-f  padding  capacitors,  coupling 
capacitors  in  high  gain  amplifiers,  etc. 

Polystyrene  capacitors  are  unique  in  their 
ability  to  store  a  charge  for  e  long  period 
of  time  and  then  discharge  it  instantly  and 
completely. 

Four  case  designs  are  standard  for  Solar 
polystyrene  capacitors  at  standard  working 
voltage  of  400  wvdc: 

1.  Csrdboard  Tubulars— Type  SDP. 

These  tubular  capacitors  are  housed  in 
wax-impregnated  kraft  tubes  with  wax 
end  sesis.  Terminals  are  tinned  copper 
iMds.  Capacitances  range  from  50  mmf 
to  .1  mf. 


2.  Metal  Tubulars-Type  XTIPWV. 

These  are  insulated  section  hermetically 
sealed  metal  tubulars  with  outer  plastic 
tube  to  avoid  leakage  and  at  the  same 
time  provide  an  insulating  cover  for  the 
capacitor  container.  Capacitances  range 
from  .001  to  .1  mf. 


3.  Drawn  Metal  Case— Type  XDPG. 

These  "bath-tub”  can  units  are  hermeti¬ 
cally  sealed  with  glass  solder-seal  termi¬ 
nals  to  insure  maximum  insulation  resist¬ 
ance.  Capacitances  range  from  .01  to  .5  mf. 


4.  Fabricated  Metal  Case— Type  XLPG, 
These  rectangular  metal  cased  capacitors 
are  also  hermetically  sealed  with  glass 
solder-seal  terminals  to  insure  maximum 
insulation  resistance.  Capacitances  range 
from  .25  to  10.0  mf. 


Complete  descriptive  information  and 
sundard  ratings  are  given  in  caulog  bul¬ 
letin  SPD-600.  Write  today  for  your  copy. 

Solar  Manufacturing  Corporation 
1445  Hudson  Blvd.,  North  Bergen,  N.  J. 


SOLAR  CAPACITORS 


'  Quality  Above  All” 


Fair*Haired  Boy  of  the  com- 
munfcations  business  at  the 
moment  is  obviously  television. 
The  public  is  going  for  it  in  a 
great  big  way,  and  this  interest  is 
quickly  reflected  in  engineering 
circles.  Papers  on  the  subject  are 
reaching  the  editorial  offices  of 
Electronics  in  increasing  num¬ 
bers.  Three  appear  in  this  issue 
(pages  72,  80  and  110)  and  many 
more  are  in  process. 


We  Hear  that  an  a-c/d-c  tele¬ 
vision  receiver  is  about  to  hit  the 
market  for  about  $150. 


Television  Receivers  shipped  by 
RMA-member  companies  in  1947 
totalled  162,181.  Here’s  where 
they  went,  by  States : 


New  York . 

New  Jersey  . 

Pennsylvania  . 

Illinois  . 

California  . 

Ohio  . 

Michicran  . 

District  of  Columbia 

Missouri  . 

Maryland  . 

Connecticut  . 

Wisconsin  . 

Massachusetts  . 

Minnesota  . 

Virginia . 

Indiana  . 

Delaware  . 

Florida . 

New  Mexico . 

Tennessee  . 

Rhode  Island  . . 

Texas  . 

Unidentified  . 


61,245 

27,000 

19,389 

13,727 

7,898 

4,991 

4,887 

4,782 

4,090 

3,723 

3,303 

2,315 

1,403 

400 

399 

326 

174 

41 

21 

15 

3 

3 

2,046 


Power  Companies  in  some  cities 
are  in  a  minor  dither  about  tele¬ 
vision.  Somebody  has  been 
spreading  the  misinformation  that 
receivers  won’t  work  if  the  line 
voltage  varies  more  than  3  percent 
from  the  nominal  115.  Actually, 
most  sets  are  ok  from  about  105 
to  125  volts,  which  is  better  than 
8  percent  tolerance. 

Rapid  fluctuation  of  line  voltage 
is  more  serious  in  connection  with 
video  images  than  the  line  voltage 
itself,  partly  because  television  re¬ 
ceiver  circuits  are  more  critical 
than  radio  receiver  circuits  but 
largely  because  the  eye  is  a  more 
demanding  organ  than  the  ear. 
This  has  led  a  number  of  set 
manufacturers  recently  contacted 
to  suggest  that  utilities  commis¬ 
sions  should  tighten  line  voltage 


requirements  from  the  present  5 
percent  tolerance  (10  percent  is 
actually  permitted  in  many  cases) 
to  2.5  percent  or  better. 

The  fact  of  the  matter  is  that  it 
would  take  three  years^or  more  for 
power  companies  to  comply  with 
such  an  order.  Home  appliances 
of  all  kinds  are  being  sold  in  tre¬ 
mendous  quantities  and  it  is,  we 
are  told  by  good  authority  within 
our  own  McGraw-Hill  shop,  still 
impossible  to  buy  enough  pole 
transformers  and  other  transmis¬ 
sion  gear  to  keep  up  witfr'-i^e 
rapidly  increasing  load.  Utilities 
are  trying  hard,  not  only  because 
of  television,  but  also  because 
fluorescent-light  flicker  is  becom¬ 
ing  serious. 

It  is  this  columnist’s  carefully 
considered  opinion  that  nmkers  of 
television  receivers  wo^lW  do  well 
to  face  the  situation  realistically 
and  equip  at  least  their  better  sets- 
with  voltage  regulators  and/or 
other  automatic  controls.  Relief 
from  the  power  companies  will 
come  slowly. 

Indoor  Tele  Antennas  (p  66, 
June)  were  exhibited  by  two 
manufacturers  at  the  Parts  Show. 
One  was  an  extremely  compact  di¬ 
rectional  affair  smaller  than  the 
average  table  lamp,  and  intended 
for  use  near  the  set.  The  other 
was  an  extremely  novel  metal-foil- 
covered  cardboard  antenna  of  the 
bi-conical  type,  designed  to  be  set 
up  like  a  folding  advertising  dis¬ 
play  and  placed  in  an  attic. 

This,  friends,  is  just  the  begin¬ 
ning. 

Speaking  Of  Antennas,  the 
Parts  Show  was  once  again  for- 
rested  with  trick  f-m  and  tele¬ 
vision  types.  How,  gentlemen, 
about  adding  parallel  bars  for  the 
athletically  inclined,  and  a  swing 
for  junior? 

Not  Many  Test  Instruments 
suitable  for  servicing  television 
receivers  were  ready  for  exhibi¬ 
tion  at  the  recent  Parts  Show  in 
Chicago.  They  were,  booth  at- 
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HERE'S  TOP  PERFORMANCE 


►SINGLE  SIDEBAND  SUPPRESSED  CARRIER 


THE  TREND  ...  is  definitely  toward  single¬ 
sideband  operation.  Advantages  are  obvious. 
Elimination  of  a  continuously  running  carrier 
^aves  power  and  reduces  interference.  In  fact, 
a  signal  is  put  on  the  air  only  when  something 
is  said. 

HOWEVER  ...  it  does  present  some  problems. 
To  reproduce  voice  and  music  the  equipment 
must  handle  high  peaks  of  power  even  though 
the  average  power  is  very  low.  Unlike  conven¬ 
tional  AM  service,  where  the  modulation  level 
must  be  held  down  so  that  the  high  peaks  will 
not  exceed  available  carrier,  single-sideband 
modulation  levels  because  of  the  absence  of 
carrier  are  unrestricted  by  peaks  and  in  general 
are  limited  only  by  the  average  power  an  r-f  am¬ 
plifier  can  produce. 

TUBES  .  .  .  which  can  handle  high  peak  powers 
in  excess  of  normal  rating  are  a  natural  for  single¬ 
sideband  work. 

EIMAC  TETRODES  ARE  THE  ANSWER 


rodes  handle  high  peaks  because  of  their  inher¬ 
ent  ability  to  take  momentary  overloads,  their 
reserve  supply  of  emission,  and  freedom  from 
internal  insulators. 

IT  IS  FAR  EASIER  ...  to  produce  a  single-side¬ 
band  signal  at  a  low  power  level.  Here  again 
Eimac  tetrodes  fill  the  bill.  Because  of  their  high 
power-gain,  this  valuable  low-power  signal  can 
be  built  up  from  the  modulator  to  high  power  in 
a  single  amplifier  stage. 

IN  ADDITION  ...  the  single-sideband  driver 
must  "see"  a  constant  load  resistance,  and  Eimac 
tetrodes  with  their  low  driving-power  require¬ 
ment  mean  a  minimum  of  swamping  action.  It 
is  even  possible  to  run  up  the  screen  voltage  until 
no  grid  current  is  drawn  and  no  changing  load  is 
presented  to  the  driver. 


EITEL-McCULLOUGH,  INC. 

199  San  Mateo  Avenue 
San  Bruno,  California 

EXPORT  AGENTS:  Fr«i«r  ft  301  Clay  $t.— San  FranclKO,  Calif. 
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REMEMBER  .  .  .  the  universal  use  of  Eimac  tubes 
in  radar?  They  were  specified  because  of  their 
ability  to  handle  high  peak  power.  Now,  this  abil¬ 
ity  enables  them  to  take  the  lesser  requirements 
of  single-sideband  service  in  stride.  Eimac  tet- 


DATA  AVAILABLE 


PICTURED  .  .  .  above  is  the  popular  4-65A  tet¬ 
rode.  A  new  complete  data  sheet  on  it  has  been 
prepared.  You  will  find  SSSC  ratings  and  sug¬ 
gestions  in  it  .  .  .  write  today.  Other  Eimac 
tetrodes  suited  to  SSSC  application  include 
4X1 50A,  4- 125  A,  4-250A,  4-400A  and 

the  4-lOOOA. 


THE  VICTOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVELAND  3,  OHIO 
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tendants  said,  “not  quite  ready.” 

Pi'ediction:  There’ll  be  a 

healthy  demand  for  such  instru¬ 
ments  soon, 'and  the  manufacturer 
that  gets  there  “fustest  with  the 
mostest”  will  do  very  well  indeed. 


instmmentation  at  its  finest 


Farmers’  Cooperative  installa¬ 
tion  of  five  f-m  stations  in  the 
vicinity  of  Ithaca,  New  York  may 
start  a  trend  and*  swell  rural  busi¬ 
ness.  At  last  report  the  co-op  was 
dickering  with  several  manufac¬ 
turers  for  30,000  receivers. 


Gamma  Radiation  Survey  Meter 
Model  247A 

A  compact  portable  instrument  de¬ 
signed  to  cover  four  ranges  of  gamma 
radiation  intensities,  2.5 — 25—2500 
milliroentgens  (1/1000  r)  per  hour. 
The  most  sensitive  range  approxi¬ 
mates  that  of  a  Geiger  instniment  and 
is  inherently  more  stable.  The  ioniza¬ 
tion  chamber  and  meter  are  her¬ 
metically  sealed,  and  the  case  is  water¬ 
tight.  Die  castings  have  been  used 
wherever  possible  for  unusual  rugged 
construction. 


Big  Four  items  in  the  field  of  in¬ 
dustrial  electronics  at  the  present 
writing  appear  to  be,  in  this  order, 
(1)  high-frequency  heating,  (2) 
resistance  welding  control,  (3) 
power  rectification  and,  (4)  motor 
control. 


Pocket  Screamer  carried  by 
people  dabbling  in  radioactive 
materials  consists  essentially  of 
an  ion  chamber,  a  low-leakage 
capacitor  that  is  charged  each 
morning,  and  a  buzzer.  When 
things  get  too  hot  to  be  healthy 
the  capacitor  lets  go  through  the 
chamber  and  the  buzzer  buzzes. 

The  market  for  gizmos  of  this 
kind  appears  to  be  infinite. 


Beta  and  Gamma  Survey  Meter 
Model  263A 

A  portable  Geiger-Mueller  Counter 
for  extreme  sensitivity,  capable  of 
detecting  individual  ionizing  par¬ 
ticles.  The  instrument  has  three  full 
scale  ranges  of  20.0 — 2.0 — 0.2  milli¬ 
roentgens  per  hour  measured  with 
gamma  radiation  from  radium. 


Packaging  of  electronic  equip¬ 
ment  leaves  much  to  be  desired. 
Our  products  are  particularly  vul¬ 
nerable  to  the  idiosyncrasies  of 
carriers  and  we  get  quite  a  lot  of 
mail  on  the  subject,  most  of  it  un¬ 
printable.  A  number  of  manufac¬ 
turers  are  giving  special  attention 
to  the  problem,  some  with  and 
some  without  outside  aid.  A  lot 
more  ought  to  devote  time  to  it. 


Victoreen  Minomefer 
Model  287 

The  Minometer  provides  a  prescrip¬ 
tion  for  computing  daily,  the  amount 
of  radiation  exposure.  It  consists  of  a 
small  compact  string  electrometer 
and  an  ionization  chamber  designed 
in  the  shape  of  a  fountain  pen  to  be 
carried  conveniently  in  a  coat  pocket. 
The  chamber  value  is  0.2  r  full  scale 
when  checked  against  the  calibrated 
scale  in  the  electrometer. 


Radio-Teletype  receiving  unit 
developed  by  one  of  our  readers 
appears  to  be  extremely  compact, 
inexpensive,  and  easy  for  non¬ 
technical  users  in  out-of-the-way 
places  to  keep  running.  Someone 
with  a  genuine  need  for  such  a 
unit  and  the  facilities  for  trying 
it  out  is  needed.  Business  Briefs 
will  be  glad  to  pass  along  corre¬ 
spondence. 


For  twenty  years  our  exclusive  busi¬ 
ness  has  been  the  development  and 
design  of  instruments  and  com¬ 
ponents  used  in  the  measurement  of 
gamma  and  x-radiation.  We  welcome 
your  inquiries  on  any  phase  of  radia¬ 
tion  measurement. 


Drive  A  Car?  If  so,  you  can 
handle  the  new  wire  and  tape  re¬ 
corders  ok.  Several  of  them  have 
a  control  for  running  the  machine 
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&  Company 


Oceanside,  Long  Island,  N.  V, 


forward  and  backward,  erasing 
and  etc.,  that  for  all  the  world  re¬ 
sembles  a  gear-shift  lever. 

No  license  required. 


PICKERING  REPRODUCERS 


Taxi  Dispatching  by  radio  is  be¬ 
coming  so  essential,  particularly 
where  competitive  systems  have 
snapped  up  all  available  channels, 
that' some  fleet  owners  are  tempted 
to  bootleg.  FCC  has  already  had 
to  crack  down  on  at  least  one 
illegal  station.  It  won’t  be  the 
last. 


Dry  Battery  Sales  are  up  this 
Summer,  two  of  the  biggest  pro¬ 
ducers  tell  us.  It  seems  like  every¬ 
one  and  his  brother  has  bought  a 
portable  radio. 


THE  PICKERING  MODEL  161M  PICKUP  incorporates  oil  of  the  require¬ 
ments  for  the  finest  possible  reproduction  of  lateral  records  and 
transcriptions.  It  is  extremely  rugged  and  absolutely  stable,  ensuring 
long  trouble-free  service  with  minimum  record  wear,  technical 
SPECIFICATIONS  include:  Perfectly  polished  diamond  stylus  with  .0025' 
radius;  other  radii  available  on  special  order  at  no  extra  cost 
Correctly  offset  head  gives  negligible  tracking  error  ♦  Extremely 
rugged,  may  be  scraped  across  records  or  dropped  from  full  height 
without  damage  to  pickup  ^  Tracking  pressure  adjusted  at  factory 
to  14-18  grams  ^  *  No  measurable  effect  of  temperature,  humidity 
or  age  ^  ^  Equalized  output  level  — 60  dbm  ^  Frequency  response 
flat  within  1  db  from  30  to  1 5,000  cycles  per  second  Back¬ 
tracking  will  not  affect  either  pickup  or  record  *  *  Convenient  finger 
grip  permits  rapid  accurate  cueing  ★  Optimum  combination  of 
counterweight  and  spring  permits  excellent  performance  on  warped 
records  ^  *  Convenient  to  mount,  occupies  least  space  of  any 
transcription  reproducer  ^  ♦  No  measurable  intermodulation  or 
harmonic  distortion  *  Adaptable  for  turntables  from  1"  to  2’A" 
high  *  *  UNCONDITIONALLY  GUARANTEED. 


Money  To  Burn  is  the  only  pos¬ 
sible  lead  for  this  item.  It  seems 
that  an  oastern  bank  put  some  old 
and  rare  greenbacks  in  the 
window  to  stimulate  business  and 
slapped  a  mineral-oil  filled  tele¬ 
vision  magnifier  in  front  of  it 
Out  came  the  sun  next  morning 
and  set  the  stuff  on  fire. 


Recently  Published  Figures  (p 
68,  May)  concerning  the  number 
of  licensed  amateur  radio  opera¬ 
tors  employed  by  manufacturers 
in  our  field  stimulated  several 
readers  to  conduct  their  own  local 
surveys. 

G.  H.  Floyd  (W2RYT)  says  that 
he  knows  there  are  at  least  200 
hams  working  for  G-E  and  sus¬ 
pects  there  might  be  twice  that 
number.  Airborne  Instrument’s 
Irwin  Nye  says  his  company  em¬ 
ploys  15.  Lenkurt  Electric  has  6. 


THE  PICKERING  Modal  163 A  EQUALIZER 

1 .  Flat  high  froquancy  rotpant*  to  over 
13,000  cyclot  par  tocond.  lew  frequancY 
rii#  to  give  full  compentelion  from  500 
to  40  CYCIOS. 

M  2.  Flat  high  fraquency  rotponia.  low  fre- 
c  quoncy  rotponso  opproximotoly  5  db  be- 
.S  low  potilion  I . 

'g  3.  For  NAB  or  Orthaeouitic  tranicriptioni. 
a  4.  lew  froquonciei  >ama  as  position  2.  High 
froqwoncios  sharply  attonuolod  to  reduce 
surface  noise.  Attenuation  starts  at  4000 
cycles. 

5.  low  frequencies  some  as  position  1 .  High 
frequencies  same  os  position  4. 


MADE  to  0  telorgiKt  of  ±  1  4b, 
proyidot  fi«o  Bifforotit  lotorgl 
(horoclofittics  to  oqoglizo  proporly 
oil  types  of  records  otid  tronscrip* 
tioos.  It  it  doti|nod  for  oto  with 
250  to  MO  ohn  iopot  circuits 
ot  0  level  of  -M  dhio. 
Hutii  pickop  is  lost  thoo  -120  dbio. 
The  model  U1M  PICKERIN6  FICXUF 
with  0  IMA  EQUALIZER  it  to 
free  from  distortion  of  oil  kinds 
tbot  if  moy  bo  otod  ot  a 
stondord  for  moosoromont. 


Practical  Jokers  are  every¬ 
where.  In  April  we  mentioned  the 
fact  that  one  of  our  draftsmen  had 
made  a  mistake  in  connection  with 
a  circuit  diagram  of  an  electronic 
organ  and  lettered  in  the  words 
“soft-shell  crab’’  instead  of  “soft- 
swell  tab.’’  We  went  on  to  .say 
that  the  error  had  been  caught. 

Several  readers  have  since  writ¬ 
ten  in  to  tell  us  that  the  error 
actually  appeared  on  page  118  of 
the  May  issue  and  we  blush  to 
report  that  they  are  quite  right. 
It  seems  that  one  of  the  editors 
deliberately  let  it  go  through  to 
give  the  readers  a  laugh. 

P.S.  He  won’t  do  it  again. 


THE  PICKERING  Model  135H 
EQUAUZER-AMPLIFIER  for  us* 
with  modol  )20M  FICKERINe  CAR- 
TRIOCE  REPRODUCER -if  cwnpwsolts 
fgr  gvgrogo  rtcording  chgroctwistic, 
rgisgs  ovlpul  veltogo  to  os  high  os  ob- 
loinoblt  from  crystol  pickups,  operolis 
from  tho  powtr  supply  of  omplifitr  or 
rodio  sol,  soving  cost  of  soporolt  power 
supply,  vory  simple  to  insloll. 


A  comport  version  of  tho  PICKERINO 
PICRUP  for  high  quolity  reproduction, 
it  fils  into  ony  orm  which 
will  occofflfflodote  o  stondord  cortridgo 
ond  offords  tho  cteonosi  ond  smoolhosi 
responso  ever  ochievod.  Its  Froquoncy 
Response  is  ±  2  db,  40-10,000  cps 
. . ,  ils  Woveform  Distortion  is  I  percent 
moiimum  .  . .  its  Output  Level  it 
70  millivolts  ±  2  db  ...  its  Tracking 
Pressure  it  IS  grams  moximum  ot 
40  ond  10,000  cps.  NO  OTHER 
PICRUP  CAN  MATCH  THE  PERFORMAHCE 
OF  THE  PICRERING  MODEL  I20M 
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Whieh  Properties 
Do  Yon  Need  Most 


Electrical  Contacts? 


TN  theory,  the  perfect  contact  material  should 
combine  non-sticking  properties,  low  contact 
resistance,  high  thermal  and  electrical  conductivity 
and  resistance  to  electrical  erosion  with  high 
strength  and  hardness.  In  actual  practice  (because 
operating  conditions  differ  widely)  only  two  or 
more  of  these  properties  usually  predominate. 

How  does  Mallory  produce  materials  in  which  the 
correct  properties  for  a  specific  job  exist?  You 
can  be  sure  it  isn’t  done  by  guesswork.  Although 
Mallory  has  designed  more  than  5000  different 
contacts — has  had  20  years  of  experience  in 
metallurgy  generally — it  believes  in  rigid  control. 

This  control  is  accomplished  by  a  series  of 
spectrographic,  chemical,  electrical  and  micro¬ 
scopic  tests  such  as  you  see  at  the  right.  They 
reveal  the  truth  about  chemical  composition, 
grain  structure,  physical  properties. 

MALLORY  STANDARDIZED  CONTACTS 

Yes,  you’re  sure  when  you  order  Mallory  contacts. 

Furthermore,  you  get  the  benefit  of  Mallory 
design  experience,  its  manufacturing  facilities  for 
producing  every  kind  of  contact  including  con¬ 
tact  assemblies.  What’s  more,  Mallory  has  develop¬ 
ed  eight  basic  contact  designs  that  meet  thousands 
of  typical  applications — save  time  and  money 
involved  in  designing  "specials.”  Send  for  the 
Mallory  Contact  Catalog. 

irS  5000  TO  I  THAT  A  MALLORY  STANDARD  CONTACT  WILL  MEET  YOUR  "SPECIAL"  REQUIREMENTS 

In  Canada,  made  and  told  by  Jfthnson  Matthey  &  Mallory  Limited^ 

198  Clinton  Street^  Mount  Dennis^  Ontario. 


This  Mallory  spectrograph  determines  the  purity  and  composition  of 
metals  and  alloys. 


Here  Mallory  learns  what  happens  in  the  electrical  circuit  when 
contacts  are  opened  and  dosed. 


With  this  unit,  Mallory  technicians  mecuure  contact  resistance, 
temperature  rise,  and  rate  of  wear. 


ELECTRICAL 
CONTACTS  &  CONTACT  ASSEMBLIES 
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CROSS 


TALK 


►  STAMPEDE  .  .  .  An  item  in  a  recent  issue  of 
Martin  Codel’s  excellent  weekly  television  newsletter 
has  us  stopped  dead  in  our  tracks.  The  subject  was 
the  current  shortage  of  channels  for  television  and 
the  shock  came  from  two  proposed  solutions  to  the 
shortage  which,  it  was  rumored,  were  being  given 
serious  consideration  in  unnamed  quarters  of  the 
industry.  The  first  solution  proposed  the  immediate 
use  of  channels  in  the  500-to-900-mc  region  now 
reserved  for  experimental  development  of  television, 
including  color  systems.  The  second  proposal  was 
to  reduce  the  width  of  the  standard  channel  to  some¬ 
thing  less  than  6  me,  to  allow  more  channels  to  be 
squeezed  into  the  available  space  between  54  and 
2i6  me. 

Both  proposals,  brother,  are  bad.  Consider  first 
the  500-to-900-mc  space.  We  didn’t  know  how  to  use 
this  space  for  color  television  a  year  ago  and  it  was 
on  this  basis,  primarily,  that  the  FCC  turned  down 
the  color  proposal  and  gave  the  green  light  to  black- 
and-white.  We  still  don’t  know  how  to  use  it.  Event¬ 
ually  many  of  the  missing  answers  will  be  forthcom¬ 
ing  and  then  the  space  may  prove  useful  for  extend¬ 
ing  the  present  service.  But  any  immediate  shift  to 
the  uhf  bands  would  bring  many  more  problems  than 
it  would  solve. 

Reduction  of  the  channel  width  is  a  bad  idea  now 
and  it  will  stay  that  way  indefinitely.  Six  mega¬ 
cycles  is  narrow  enough  for  television,  just  as  10  kc 
is  narrow  enough  for  standard  broadcasting.  The 
10-kc  figure  was  a  bad  guess  in  1925;  it  prevented 
high-fidelity  broadcasting  for  20  years.  Only  now  is 
the  f-m  system  redeeming  the  mistake.  We  can  count 
on  no  such  redemption  for  television,  even  in  1970. 

We  think  the  stampede  for  channels  requires  care- 
ful  evaluation.  Granted  there  aren’t  enough  chan¬ 
nels  for  all  those  who  would  like  to  enter  the  tele¬ 
vision  broadcasting  business.  Granted  the  entre¬ 
preneurs  are  influential  and  can  bring  great  pressure 
to  bear  on  Congress  and  the  FCC.  But  FCC  decis¬ 
ions  are  hinged  on  the  convenience  and  necessity 
of  the  public,  not  the  broadcasters.  And  there  is 
no  great  clamor,  at  present,  from  the  public  for  addi¬ 


tional  television  service.  If  J.  Q.  Public  wants  tele¬ 
vision  service  he  must,  first  and  last,  live  in  an  area 
sufficiently  populous  and  prosperous  to  support  the 
service.  If  he  lives  in  such  an  area  he  can  have  a 
choice  of  seven  programs.  If  fewer  programs  are 
available  it  is  not  due  to  lack  of  channels.  It  is 
because  the  level  of  tr-ade  in  that  area  will  not  sup¬ 
port  the  heavy  expense  of  a  seven-choice  service.  In 
many  areas  the  seven  available  stations  will  not  be 
in  the  same  city,  but  by  judicious  use  of  directional 
antennas  they  will  be  available  to  all  who  want  to 
tune  to  them.  Otherwise  there  is  no  shortage  of 
channels  in  that  area. 

We  are,  in  short,  up  against  the  problem  that  has 
bedeviled  standard  broadcasting  these  past  ten 
years.  Shall  we  let  down  the  bars  on  allocation 
standards  to  allow  more  broadcasters  to  enter  the 
business?  Within  limits  this  is  sound  policy  because 
it  enhances  competition.  But  the  limits  are  reached 
when  the  quality  of  service  is  degraded  to  such  a 
point  that  the  public  loses  interest.  Then  everybody 
loses. 

The  FCC,  facing  up  to  the  problem,  has  called  a 
hearing  on  this  subject  for  September.  Certainly 
the  pressure  for  additional  channels,  so  long  as 
it  resides  so  largely  in  the  broadcasting  camp  and 
so  little  in  the  body  politic,  must  be  resisted  until 
the  technical  implications  of  a  new  allocations  policy 
are  thoroughly  explored. 


►  ACRONYM  .  .  .  The  cockles  of  our  heart  warm 
to  the  new  American  College  Dictionary  published  by 
Random  House.  One  of  the  new  words  included  is 
acronym,  defined  as  “a  word  formed  from  the  initial 
letters  of  other  words,  as  . .  .  loran  (from  long  range 
navigation)”.  We  can’t  imagine  a  nicer  example. 
We  are  happy  that  such  recognition  is  given  of  the 
important  place  of  acronyms  in  electronics  (radar, 
shoran,  sofar,  sonar  and  so  on).  The  new  dictionary 
has  many  accurate  definitions  of  technical  terms  in 
our  field,  thanks  to  contributions  of  W.  L.  Everitt, 
K.  S.  Johnson  and  others.  We  recommend  it. 
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INTERCARRIER 


By  STUART  W.  SEELEY 

Director 

Induatry  Service  Laboratory 
Radio  Corporation  of  America 
\cw  York.  y.  Y. 


The  interearrier  system  of  tele¬ 
vision  sound  reception,  as 
previously  described  in  these 
pages',  amplifies  the  picture  and 
sound  signals  together  in  the  pic¬ 
ture  i-f  amplifier.  At  the  output  of 
the  picture  second  detector  a  beat 
note  between  the  two  signals  ap¬ 
pears.  This  beat  is  in  effect  a 
4.5-mc  intermediate  frequency,  fre¬ 
quency-modulated  in  accordance 
with  the  sound  signal  and  ampli¬ 
tude-modulated  (to  some  extent)  in 
accordance  with  the  picture  signal. 
This  intercarrier  beat  is  passed 
through  a  frequency-modulation 
detector  which  is  not  sensitive  to 
amplitude  modulation.  The  sound 
modulation  is  thus  separated  from 
the  picture  and  may  be  amplified 
and  applied  to  the  loudspeaker,  as 
shown  in  Fig.  1. 

When  this  system  was  first  pro¬ 
posed  the  principal  advantage  ap¬ 
peared  to  be  economy.  The  picture 
i-f  amplifiers  and  video  amplifiers 
do  double  duty  in  amplifying  the 
sound  signal,  so  a  separate  sound 
i-f  a-iplifier  is  not  necessary. 
Thereafter  it  became  clear  that  the 
economic  argument  is  by  no  means 
the  most  important  one.  There  are 
many  pros  and  cons  rooted  in  the 
technical  performance  of  the  sys¬ 
tem  which  outweigh  the  cost  factor. 

Techniv^l  Advantages  of  interearrier 
System 

The  principal  technical  advan¬ 
tage  of  the  interearrier  system  is 
the  fact  that  it  is  immune  to  the 
idiosyncrasies  of  the  local  oscillator 
of  the  receiver.  Frequency  modu- 
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lation  of  the  local  oscillator  due  to 
hum  and  microphonics,  as  well  as 
frequency  drift,  affect  both  sound 
and  picture  i-f  signals  substantially 
identically,  so  the  4.5-mc  difference 
frequency  remains  unaffected.  In 
a  conventional  receiver  (using  a 
separate  i-f  amplifier  for  sound,  as 
shown  in  Fig.  2)  these  defects  of 
the  local  oscillator  produce  an  aver¬ 
age  effect  four  times  as  bad  at  the 
highest  television  channel  (216  me) 
as  in  the  f-m  band  (108  me)  at  full 
modulation.  With  television  sys- 
ten  deviation  (one  third  f-m  sound 
broadcast  deviation)  the  effect  is 
emphasized  by  an  additional  factor 
of  three. 

Secondly,  the  tuning  of  an  inter¬ 
carrier  receiver  is  considerably 
simplified  by  the  fact  that  the 
sound  is  always  correctly  tuned  in 
when  switching  from  one  station  to 
another.  Fine  tuning  of  the  local 
oscillator  is  not  necessary  to  tune 
in  the  sound.  Moreover,  the  inter¬ 
carrier  system  is  somewhat  freer 
from  the  effects  of  interference. 

Technical  advantages  related  to 
economy  of  design  include  not  only 
the  dual  use  of  the  i-f  and  video 
amplifiers  but  also  the  fact  that  the 
local  oscillator  design  can  be  some¬ 
what  less  expensive.  In  fact,  hum 


frequency  modulation  and  drift 
may  have  values  several  times 
those  allowable  in  a  conventional 
receiver.  In  inexpensive  receivers, 
the  i-f  passband  may  be  made  sym¬ 
metrical,  and  this  will  allow  the 
local  oscillator  to  operate  on  the 
high  side  for  the  lower  channels, 
and  on  the  low  side  for  the  upper 
channels. 

Disadvantages 

The  primary  disadvantage  of  the 
interearrier  system  is  the  fact  that 
the  4,5-mc  beat  signal  depends  on 
the  presence  and  character  of  the 
picture  carrier.  Any  unusual  effect 
present  in  the  picture  carrier  can 
have  a  corrollary  effect  on  the 
sound  output  and  this  possibility 
exists  whether  the  effect  arises  in 
the  transmitter  or  the  receiver,  or 
is  caused  by  interference  from 
other  sources. 

One  of  the  most  important  ex¬ 
amples  occurs  whenever  the  picture 
modulation  is  so  heavy  that  the  pic¬ 
ture  carrier  disappears  completely 
during  the  transmission  of  a  peak 
white  portion  of  the  picture.  When 
the  picture  carrier  is  thus  modu¬ 
lated  to  zero,  the  4.5-mc  beat  note 
disappears  for  that  instant  and  no 
sound  signal  is  received.  This 


FIG.  1 — Typical  interearrier  receiver.  The  i-f,  video  detector  and  video  amplifiers  do 
double  duty,  handling  picture  and  sound  signals  simultan,eously 
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TELEVISION  SOUND 


Large  scale  production  of  television  receivers  employing  intercarrier  sound  has  focussed 
attention  on  the  advantages  and  disadvantages  of  the  system.  This  review  emphasizes 
problems  facing  transmitter  and  receiver  designers 

causes  severe  interference  in  the  picture  phase  or  frequency  are  im- 
sound  signal,  in  the  form  of  a  60-  posed  on  the  4.5-mc  beat  note  and 
cycle  buzz  or  15,760-cycle  hiss,  •  cannot  be  separated  from  the  fre- 
since  the  loss  of  sound  signal  is  re-  quency  modulation  of  the  sound 
peated  at  the  field  and  line-scan-  signal.  The  result  is,  again,  a  60- 
ning  rates.  This  possibility  requires  cycle  or  15,750-cycle  note  of  magni- 
that  the  percentage  modulation  at  tude  depending  on  the  extent  to 
the  transmitter  be  monitored  care-  which  the  picture  carrier  is  phase 
fully,  so  that  the  minimum  picture  or  frequency  modulated.  It  should 
modulation  shall  not  fall  below  ap-  be  noted  that  the  frequency-modu- 
proximately  10  percent  of  the  peak  lation  detector  which  converts  the 
value.  There  is  at  present  no  regu-  4.5-mc  beat  signal  to  audio  is  in 
lation  requiring  such  monitoring,  effect  a  phase  detector,  for  all  fre- 
Before  the  intercarrier  system  can  quencies  above  about  2.5  kc,  when 
be  employed  with  assurance  of  75  [xsec  de-emphasis  is  used, 
high-quality  transmission  at  all  There  are  many  possible  causes 
times,  such  a  regulation  will  be  of  phase  or  frequency  modulation 
required.  of  the  transmitted  picture  carrier. 

A  second  effect,  of  nearly  equal  One  is  variation  in  the  transit  time 
importance,  is  that  caused  by  any  (which  produces  a  change  in  phase 
phase  or  frequency^  modulation  of  angle  of  the  carrier)  in  any  modu- 
the  picture  carrier.  This  carrier  is  lated  stage  of  the  transmitter.  How- 
nominally  modulated  in  amplitude  ever,  this  is  of  negligible  magni- 
only,  but  actually  may  be  modu-  tude  compared  with  the  effects  of 
lated  in  phase  or  frequency  to  a  unsymmetrical  tuning  or  incom- 
slight  degree.  Such  variations  in  plete  neutralization.  In  a  5-kw 


transmitter,  even  one-half  watt  of 
constant  fed-through  power  can 
produce  as  much  as  a  6-degree 
total  phase  shift  when  the  modula¬ 
tion  level  is  at  10  percent  of  peak 
carrier.  This  amount  of  feed¬ 
through  can  occur  even  in  a  prop¬ 
erly  neutralized  stage,  and  the 
effect  can  be  identified  in  the  out¬ 
put  of  an  intercarrier  sound  re¬ 
ceiver.  For  example,  4  degrees 
peak  shift  at  15  kc  will  produce 
interference  only  28  db  below  aver¬ 
age  (30  percent)  modulation  with¬ 
out  deemphasis. 

Deemphasis  improves  the  .situa- 


FIG.  2 — Typical  conTentional  television  receiver.  This  type  oJ  receiver  is  more 
susceptible  to  faults  in  the  local  oscillator  than  is  the  intercarrier  type 


GOOD  NEWS  I 

In  Crosstalk  lost  month,  we  pointed  to 
the  growing  use  of  intercarrier  re¬ 
ceivers,  and  quoted  the  misgivings  of 
video  transmitter  designers,  who  feared 
poor  reception  from  high-band  sta¬ 
tions.  Since  that  item  was  written,  Mr. 
Seeley  and  his  colleagues  have  per- 
!  fected  a  measuring  technique  and  have 
applied  it  to  a  wide  variety  of  stations, 
with  the  startling  results  reported 
here.  Early  opinion  had  it  that  even 
half  a  degree  of  transmitter  peek 
phase  shift  (approximately  one  degree 
total)  would  produce  noticeable  inter¬ 
ference.  Before  the  tests,  Mr.  Seeley 
himself  quoted  4  to  6  degrees  total 
shift  as  the  probable  tolerable  limit. 

But  stations  having  15  to  20  degrees 
total  phase  variotion,  measured  by 
the  new  method,  were  found  to  pro¬ 
duce  excellent  sound  quality  on  prop¬ 
erly  designed  intercorrier  receivers. 

As  a  result  of  these  tests  industry 
opinion  is  undergoing  a  rapid  shift 
on  this  subject.  It  appears  that  the 
necessary  industry-FCC  action  to  per¬ 
mit  proper  use  of  the  intercarrier  , 

system  will  shortly  be  taken. — The  | 

I  Editors 
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factory  performance,  at  least  in 
receivers  which  do  not  offer  the  full 
range  of  audio  fidelity,  can  be  ob¬ 
tained  withouf  difficulty  on  all 
presently  operating  stations  pro¬ 
vided  they  do  not  overmodulate  the 
picture  carrier. 

Another  difficulty  with  the  inter¬ 
carrier  system  is  the  fact  that  any 
drift  of  the  frequency-modulation 
detector  from  the  4.6-mc  center 
frequency  will  introduce  distortion, 
and  there  is  no  way  to  correct  this 
condition  except  by  adjustment  of 
the  detector  itself.  Similar  distor¬ 
tion  in  a  conventional  receiver  can 
be  corrected  by  adjustment  of  the 
fine  tuning  control. 

A  final  difficulty  is  that  which 
occurs  if  the  sound  carrier,  as 
presented  to  the  second  detector, 
exceeds  a  certain  level  relative  to 
.  the  picture  carrier.  If  this  occurs, 
severe  distortion  of  the  sound  out¬ 
put  and  picture  quality  may  occur, 
including  possible  reversal  of  the 
image  tones  (“negative”  in  the 
photographic  sense).  This  effect 
may  be  controlled  by  care  in  the  de¬ 
sign  of  the  i-f  pass-band  curve,  as 
described  below. 


SOUND 

CARRIER 


PICTURE 

CARRIER 


SOUND  I-F 
PASS  BAND 


FREQUENCY  IN  MC 


FIG.  3 — InlsnMdiatP-ircqucncy  rMpona*  choractsrUtici  oi  conTentional  (heory  Bolid 
lin»)  and  int*rcarri«r  (doshcd-lin*  exlRntion)  r*c«iT»n 


and  intensity  of  any  horizontal 
lines  in  the  picture.  However,  har¬ 
monics  of  60  cycles  up  to  a  rather 
high  order,  but  with  rapidly  de¬ 
creasing  level  with  frequency,  are 
caused  by  the  square-wave  nature 
of  the  vertical  synchronizing  and 
blanking  portions  of  the  signal. 

Obviously  60  cycles  is  too  low  to 
convert  phase  modulation  to  fre¬ 
quency  modulation  in  any  import¬ 
ant  degree,  being  48  db  below  the 
15,000-cycle  conversion.  Also,  15,- 
750  cycles  is  outside  the  audible 
range  and  can  be  removed  in  the 
receiver  if  necessary.  Therefore, 
it  is  apparent  that  we  need  only  be 
concerned  with  audible  video  com¬ 
ponents  lying  considerably  above 
the  field  frequency  and  below  the 
line  frequency.  Observation  has  in¬ 
dicated  that  this  entire  range  sel¬ 
dom,  if  ever,  contains  components 
stronger  than  those  which  occur  at 
the  start  and  finish  of  a  vertical 
blanking  pedestal  transmitted  with 
a  white  background  picture.  The 
latter  cause  spikes  of  frequency 
modulation  which  plainly  delineate 
the  vertical-blanking  time  when 
viewed  on  an  oscilloscope. 

The  energy  in  those  spikes  from 
a  transmitter  having  mote  than  20 
degrees  of  total  phase  variation  is 
still  next  to  inaudible  in  a  wide- 
range  sound  system  even  though 
the  spikes  are  frequently  as  much 
as  15  db  above  the  meter  reading 
of  the  average  incidental  audible 
frequency  modulation.  Experience 
thus  far  has  indicated  that  satis¬ 


tion  and  the  effect  is  less  prominent 
at  lower  audio  frequencies.  But, 
even  with  deemphasis,  over  the 
range  of  audio  frequencies  from 
3,750  to  15,000  cps,  a  4-degree  phase 
shift  will  produce  interference 
from  48  to  45  db  below  average 
modulation.  This  would  not  be  con¬ 
sidered  sufficient  for  a  high-quality 
sound  system.  But  recent  tests  have 
shown  that  much  more  than  4  de¬ 
grees  of  phase  shift  can  be  present 
without  adverse  effects  on  sound 
quality.  At  least  two  additional 
factors  tend  to  lessen  the  interfer¬ 
ence: 

1  Since  the  transmitter’s  resi¬ 
dual  frequency  modulation  is 
caused  by  a  phase-variation  process 
the  corresponding  frequency  modu¬ 
lation  decreases  6  db  per  octave  as 
the  audible  frequency  of  the  video 
modulation  causing  the  phase  vari¬ 
ation  is  decreased.  Other  types  of 
interference  (which  the  FCC  speci¬ 
fies  must  be  below  a  -60  db  level  in 
a  high-quality  aural  broadcasting 
system)  have  more  uniform  distri¬ 
bution  in  the  audible  spectrum. 

2  The  second  point  concerns  the 
distribution  of  audible  energy  in  a 
composite  video  signal.  If  we  ex¬ 
amine  the  amplitude-modulation 
components  between  zero  and  20,- 
000  cycles  derived  from  a  picture- 
modulated  transmitter  we  find  one 
very  strong  component  at  the  60- 
cycle  field  frequency  and  another  at 
the  15,760-cycle  line  frequency. 
What  occurs  in  between  depends 
partly  upon  the  number,  position 


Dtsign  Considerations 

The  first  question  in  the  design 
of  an  intercarrier  receiver  is  the 
method  of  setting  the  relative  level 
of  the  sound  and  picture  carriers  at 
the  input  to  the  second  (video)  de¬ 
tector.  In  the  conventional  re¬ 
ceiver  the  pass-bands  of  the  i-f  sys¬ 
tems  are  as  shown  in  Fig.  3.  The 
picture  i-f  amplifier  has  substan¬ 
tially  no  sensitivity  (on  the  average 
45-db  attenuation)  at  the  associ¬ 
ated  sound  channel  frequency. 

In  the  intercarrier  system,  the 
sound-carrier  pass  band  is  dis- 
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FIG.  5 — Typical  'ntercarrier  sound  circuit  using  a  limiting  amplifier  and  ratio  detector 

for  demodulation 


pensed  with  and  the  picture  i-f  pass 
band  is  extended  slightly  to  in¬ 
crease  slightly  the  gain  at  the 
sound  carrier.  This  is  shown  in 
Fig.  3  as  a  dashed-line  extension 
of  the  picture  pass-band  curve. 
The  percentage  response  of  this 
extended  curve  at  the  sound-carrier 
frequency  is  indicated  by  the 
dimension  A.  This  dimension 
should  never  be  greater  than  10 
percent  of  the  carrier  level  (di¬ 
mension  B)  in  linear  units.  This 
is  on  the  assumption  that  the  sound 
and  picture  carriers  are  of  equal  _ 
strength  as  received  from  the  trans¬ 
mitter.  But  variations  in  relative 
signal  strength  of  as  much  as  10 
db,  arising  from  differential  atten¬ 
uation  and  wave  interference 
effects  dependent  on  the  receiver 
location,  are  apt  to  occur  so  a  more 
conservative  figure  for  dimension 
A  is  3  percent  of  B. 

One  basis  for  the  10  percent 
maximum  figure  may  be  seen  from 
Fig.  4,  which  shows  the  relative 
output  of  a  linear  detector  when 
f-m  sound  and  a-m  picture  are 
fed  to  it  simultaneously.  So  long 
as  the  rms  level  of  the  sound  signal 
is  5  percent  or  less  of  the  maximum 
rms  picture  signal,  as  in  the  lowest 
curve,  the  4,5-mc  beat  note  ampli¬ 
tude  remains  substantially  constant 
as  the  level  of  the  picture  carrier 
(abscissas)  varies  under  modula¬ 
tion  from  15  to  100  percent  of  the 
peak  value. 

If  the  sound  level  is  10  percent  of 
the  maximum  picture  level  as  in  the 
middle  curve,  the  output  remains 
flat  from  25  to  100  percent  modula¬ 
tion.  At  higher  relative  sound 
levels  (top  curve)  the  output  would 
contain  sub.'^tantial  amplitude  mod¬ 
ulation  in  accordance  with  the  pic¬ 
ture  modulation.  Also  the  picture 
quality  would  be  badly  degraded  as 
previously  stated. 

Much  of  the  residual  amplitude 
modulation  may  be  removed  by  the 
use  of  a  limiter  or  by  the  use  of  a 
balanced  discriminator  or  ratio  de¬ 
tector.  However,  if  the  residual 
amplitude  variation  is  too  severe  an 
excessive  burden  is  placed  on  the 
f-m  detector.  This  is  the  basis  of  the 
previous  statement  that  the  ampli¬ 
tude  modulation  level  of  the  picture 
transmitter  should  not  normally  be 
allowed  to  fall  below  10  percent  of 
the  peak  synchronizing  level. 


The  attenuation  of  the  sound  sig¬ 
nal,  to  3  percent  or  less  of  the  pic¬ 
ture  carrier,  implies  a  correspond¬ 
ing  increase  in  amplification  (rela¬ 
tive  to  that  provided  in  a  separate 
sound  i-f  amplifier)  to  bring  the 
sound  signal  up  to  the  level  re¬ 
quired  for  detection  and  audio 
amplification.  A  portion  of  this 
extra  amplification  is  provided  by 
the  passage  of  the  sound  signal 
through  the  video  amplifiers. 
Normal  peak  video  level  at  this 
point  is  about  30  volts,  so  the  sound 
level  usually  does  not  exceed  one 
volt.  Conservative  design  suggests 
that  this  level  be  increased  before 
the  sound  signal  is  applied  to  the 
f-m  detector. 

An  auxiliary  amplifier  for  this 
purpose  also  serves  an  important 
function  in  keeping  the  volume 
level  substantially  constant  as  the 
picture  gain  control  is  varied.  Such 
constancy  of  gain  is  also  useful  in 
overcoming  the  tendency  of  the 
sound  level  to  increase  as  the  pic¬ 
ture  is  detuned.  Otherwise,  if  fine 
tuning  is  provided,  the  lay  user 
might  try  to  tune  for  loudest  sound, 
which  would  produce  a  poor 
picture. 

Care  should  be  taken  to  avoid 
overload  in  any  stage  which  could 
remove  the  picture  signal  (and  its 
concomitant  4.5-mc  sound  i-f  sig¬ 
nal)  even  momentarily.  The  diode 
second  (video)  detector  should  be 
as  linear  as  possible,  and  the  ratio 
of  a-c  impedance  to  d-c  resistance 
of  the  second  detector  load  should 


be  as  near  unity  as  possible.  Finally 
the  tuned  circuits  in  the  f-m  de¬ 
tector  should  be  designed  to  main¬ 
tain  proper  adjustment  since  drift 
in  these  components  cannot  be  cor¬ 
rected  by  the  user.  If  these  pre¬ 
cautions  are  followed,  and  if  the 
restrictions  on  transmitter  opera¬ 
tion  previously  mentioned  are  ob¬ 
served,  the  intercarrier  system  can 
give  excellent  performance. 

A  typical  example  following 
closely  the  design  criteria  men¬ 
tioned  is  shown  in  Fig.  5.  The 
4.5-mc  beat  note  is  taken  directly 
from  the  last  video  amplifier  plate. 
The  series  resonant  impedance  at 
this  point  removes  any  remaining 
4.5-mc  beat  from  the  picture  tube 
grid.  The  first  tube  (6BA6)  serves 
as  a  volume-leveling  amplifier,  or 
limiter.  It  is  so  designed  that  the 
tube  operates  under  plate  voltage 
overload  when  a  small  signal  is  ap¬ 
plied  to  its  grid.  Hence  the  output 
does  not  change  when  substantially 
stronger  signals  are  applied.  The 
output  of  this  amplifier  is  pas.sed  to 
a  conventional  ratio  detector  which 
develops  the  audio  output.  The 
output  is  about  2.5  volts  rms  for 
25-kc  deviation,  so  a  voltage  ampli¬ 
fier  must  precede  the  audio  output 
stage.  In  this  example,  this  is  pro¬ 
vided  by  a  triode  in  the  same 
envelope  with  the  double  diodes,  in 
a  7X7  tube. 

Reference 

<  1 )  K.  B.  Dome,  Carrier  Difference  Re¬ 
ception  of  Television  Sound,  p  i02,  Elkc- 
TRONics  Jan.  1947. 


ELECTRONICS  — Ju/y,  1948 


75 


PLANE 
, MIRROR 


PARABOLIC 

MIRROR 


SWEEP  SEN. 
AND  AMPLIFIES 


VERTICAL 

AMPLIFIER 


CATHOOE-RA> 

INDICATOR 


OSCILL 

ATOR 


PHASE 

SHIFTER 


ma 

th( 

Pl> 

a  t 
an 
tn 
lai 
rel 
cal 
ou 
an 
wl 
an 
pi: 


Suiveying 

With  Pulsed-Light  Radai 

Adaptation  of  radar  techniques  to  terrain  surveys,  wherein  pulses  of  light  from  a  flash- 
lamp  at  one  site  are  reflected  hack  to  a  multiplier  phototube  hy  a  mirror  at  the  other  site. 
Distance  is  read  directly  on  dials  after  c-r  tube  pips  are  aligned 


By  W.  W.  HANSEN 

IlUnolB  Institute  of  Technology 
Chicago,  Illinois 


The  optical-electronic  instru¬ 
ment  described  here  is  capable 
of  making  a  survey  of  terrain  when 
conventional  survey  methods  would 
be  too  slow  or  when  long  traverses 
over  inaccessible  terrain  are 
needed.  The  choice  of  light  instead 
of  microwave  radar  signals  was 
made  because  of  the  improved  reso¬ 
lution  and  because  reflections  of 
microwave  signals  from  objects 
other  than  the  target  would  limit 
the  usefulness  of  the  equipment. 


Distance  or  range  is  determined 
by  measuring  the  transit  time  of 
pulses  of  light  traveling  to  and 
from  a  retrodirective  reflector 
placed  at  a  point  whose  relative 
position  is  to  be  found.  Angles  are 
determined  by  adjusting  the  posi¬ 
tion  of  the  optical  transmitter  to 
produce  a  maximum  return  pip  on  a 
cathode-ray  tube.  While  the  accu¬ 
racy  of  the  survey  which  can  be 
obtained  with  this  instrument  is 
not  as  good  as  that  which  can  be 
achieved  by  conventional  surveying 
methods,  it  does  compare  favorably 
with  the  accuracy  of  a  third-class 
survey. 

The  over-all  method  of  operation 


of  the  system  is  shown  in  Fig.  1. 
When  the  flashlamp  in  the  optical 
transmitter  breaks  down,  it  trig¬ 
gers  the  sweep  generator  and  causes 
a  trace  to  appear  on  the  cathode-ray 
tube.  The  light  pulse  transmitted 
by  the  lamp  is  returned  from  the 
distant  reflector  and  falls  on  the 
cathode  of  the  photomultiplier, 
causing  a  pip  to  appear  on  the  trace. 
Upon  returning  to  its  normal  state 
the  sweep  generator  triggers  the 
second  sweep  timer,  which  gates 
the  range  and  trigger  pip  genera¬ 
tors.  These  produce  a  second  trace 
displaying  range  pips  which  can  be 
matched  with  the  target  return  pip 
by  adjustment  of  the  phase  shifter. 
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FIG.  1 — Block  diagram  ahowi 
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Optical  radar  equipment  eet  up  at  baae  eite  ready  for  use 
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When  the  second  tr»ce  is  com¬ 
pleted,  the  circuits  return  to  their 
normal  states  and  are  ready  to  re¬ 
peat  the  cycle  when  the  lamp  flashes 
again. 

The  instrument  consists  of  four 
main  units,  called  the  optical  head, 
the  scope  unit,  the  main  power  sup¬ 
ply,  and  the  converter  unit. 

The  optical  head  is  mounted  on 
a  tripod  and  contains  the  flashlamp 
and  optical  system  necessary  for 
transmitting  the  light  from  the 
lamp,  receiving  it  from  the  distant 
reflector,  and  focusing  it  on  the 
cathode  of  a  photomultiplier.  The 
output  of  the  photomultiplier  is 
amplifled  by  a  two-stage  amplifier 
which  is  also  part  of  the  optical  head 
and  is  contained,  with  the  multi¬ 
plier,  in  a  chassis  attached  to  the 
rear  of  the  mirror  housing.  The 
optical  head  is  mounted  on  bearings 
attached  to  graduated  circles  that 
permit  its  elevation  and  rotation 
to  be  determined  within  one  minute 
of  arc. 

The  output  of  the  amplifier  is  fed 
through  a  delay  line  to  the  scope 
unit,  where  it  is  amplified  by  two 
additional  stages  of  amplification 
to  produce  the  vertical  pip  on  the 
cathode-ray  tube.  The  .scope  unit 
is  mounted  on  top  of  the  main 
power  supply  during  operation  and 


can  be  tilted  for  the  convenience  of 
an  operator  seated  in  front  of  it. 
This  unit  contains,  in  addition  to 
two  stages  of  vertical  amplification 
and  the  cathode-ray  tube,  the  sweep 
circuits  and  other  circuits  neces¬ 
sary  for  the  precise  determination 
of  range. 

The  entire  equipment  is  designed 
to  operate  from  110-volt,  60-cycle 
a-c  power  or  from  a  12-volt  battery. 
When  d-c  operation  is  desired,  a 
12- volt  d-c  to  110- volt  a-rc  rotary 
converter  contained  in  the  converter 
unit  is  used.  This  unit  also  con¬ 
tains  a  neon  sign  transformer  and 
rectifier  to  operate  the  flashlamp. 
The  flashing  rate  of  the  lamp  is 
controlled  by  varying  the  voltage 
fed  to  the  primary  of  the  neon  sign 
transformer  by  means  of  a  Variac 
located  in  the  main  power  supply. 
This  unit  supplies  the  plate  and  ac¬ 
celerating  voltages  to  the  tubes  in 
the  scope  unit  and  in  the  optical 
head. 

During  operation  the  operator 
can  turn  the  optical  head  by  means 
of  flexible  shafts  attached  to  cranks 
which  fit  on  the  scope  unit.  The 
electrical  cables  connecting  the 
units  during  operation  are  stored 
in  a  compartment  attached  to  the 
bottom  of  the  scope  unit  when  the 
units  are  packed  for  transportation. 


The  sizes  and  weights  of  the  units 
are  such  that  they  can  be  manborne. 

The  focal  point  of  the  parabolic 
mirror  coincides  with  the  center 
of  the  arc  at  point  F'  (Fig.  1)  so 
that  an  image  of  the  arc  is  formed 
at  infinity.  The  light  returning 
from  the  target  is  focused  on  the 
pinhole  or  slit  at  point  F'  and  then 
passes  through  the  center  of  the 
parabolic  mirror  to  the  cathode  of 
the  photomultiplier.  A  slit  is  used 
at  point  F'  for  ease  in  finding  the 
target  when  a  search  is  being  made 
for  it ;  the  pinhole  is  used  for  angu¬ 
lar  definition  after  the  target  has 
been  found. 

Ranging  Method 

The  range  accuracy  requirements 
led  to  the  adoption  of  a  ranging 
scheme  which  involves  the  compari¬ 
son  of  light  transit  time  with  the 
period  of  a  crystal-controlled  oscil¬ 
lator.  An  essential  part  of  this 
.scheme  is  a  device  which  shifts  the 
phase  of  the  oscillator  output  to 
permit  the  matching  of  range  pips 
to  the  target  return  pips.  While  no 
originality  for  this  idea  can  be 
claimed  here,'  its  application  to  an 
optical  transmitter  involved  special 
problems  in  synchronization. 

The  process  of  pulsing  a  radio 
transmitter  at  a  given  instant  is 
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fairly  straight-forward  and  precise, 
but  some  concern  was  felt  about  the 
feasibility  and  possibility  of  trig¬ 
gering  a  gas  discharge  lamp  within 
a  very  small  fraction  of  a  micro¬ 
second  of  a  desired  time,  especially 
in  view  of  the  size  and  weight  re¬ 
strictions  on  the  equipment.  Instead 
of  initiating  the  flashes  of  the  lamp 
in  synchronism  with  the  oscillator, 
it  would  have  been  fairly  easy  to 
have  started  and  stopped  an  oscil¬ 
lator  in  synchronism  with  the  flash- 
lamp,  but  this  usually  entails  some 
sacrifice  in  oscillator  stability  as 
compared  to  that  of  a  free-running 
crystal  oscillator  and  also  intro¬ 
duces  transient  errors  in  the  phase 
shifter. 

Double  Trace 

These  problems  were  avoided  by 
the  use  of  circuits  which  cause  two 
traces  to  appear  on  the  scope  for 
each  flash  of  the  lamp.  The  first 
trace  starts  when  the  lamp  flashes, 
and  displays  the  target  return  pip; 
the  second  trace  starts  about  0.01 
second  later  and  in  synchronism 
with  the  oscillator.  The  second 
trace  can  be  shifted  vertically  rela¬ 
tive  to  the  first  one  and  displays  a 
series  of  ranging  pips  which  can  be 
moved  horizontally  by  means  of  the 
phase  shifter  until  one  of  them 
matches  the  target  return  pip. 

The  appearance  of  the  scope 
screen  when  pips  are  matched  is 
also  shown  in  Fig.  1.  The  fre¬ 
quency  of  the  oscillator  is  such  that 
the  interval  between  successive 
ranging  pips  corresponds  to  a  range 
interval  of  500  yards.  A  course 
range  switch  permits  the  interval 
containing  the  target  pip  to  be 
brought  to  the  center  of  scope 
screen,  where  it  is  expanded  to  give 
greater  matching  accuracy.  When 
pips  are  matched  the  range  is  the 


sum  of  the  readings  of  the  coarse 
range  dial  and  the  fine  range  dial. 
The  coarse  range  dial  is  marked  in 
steps  of  500  yards;  the  fine  range 
dial  is  attached  to  the  shaft  of  the 
phase  shifter  and  is  graduated 
from  0  to  500  yards  at  intervals 
of  1  yard. 

Sweep  Circuits 

The  schematic  circuit  diagram  of 
the  sweep  generator  and  sweep  am¬ 
plifier  is  shown  in  Fig.  2.  The 
sweep  generator  is  a  cathode-cou¬ 
pled  flip-flop  circuit  whose  holding 
time  is  about  35  microseconds.  The 
sweep  amplifier  is  a  cathode-cou¬ 
pled  push-pull  amplifier  which  is 
direct-coupled  to  the  horizontal  de¬ 
flection  plates  of  the  cathode-ray 
tube.  When  capacitor  C,  is  charged 
to  a  potential  equal  to  that  of  the 
breakdown  of  the  spark  gap,  the 
lamp  discharges  this  capacitor  and, 
in  doing  so,  applies  a  positive  pulse 
to  the  left  grid  of  T,.  This  causes 
the  normally  conducting  right  half 
of  the  tube  to  be  cut  off  for  a  time 
which  is  determined  mainly  by  C, 
and  R,. 

When  r,  is  triggered  the  poten¬ 
tial  difference  across  C»  increases 
and  causes  the  left  grid  of  to  be¬ 
come  more  positive.  The  change  in 
potential  across  Cj  is  considerably 
larger  than  that  necessary  to  drive 
the  left  half  of  T,  from  cutoff  to 
saturation,  and  consequently  the 
cathode  spot  moves  across  the  cath¬ 
ode-ray  screen  only  during  a  por¬ 
tion  of  the  time  that  C*  is  charging. 
The  time  at  which  the  sweep  starts 
is  determined  by  the  setting  of  the 
coarse  range  switch  which  adjusts 
the  bias  on  the  left  grid  of  T*.  If 
this  grid  were  returned  directly  to 
ground,  it  would  always  be  biased 
considerably  beyond  cutoff  by  the 
current  flowing  through  the  right 


half  of  the  tube  and  cathode  re¬ 
sistor  Ri. 

When  Ti  is^  triggered  the  poten¬ 
tial  of  its  cathode  drops  abruptly. 
This  change  in  potential  is  ampli¬ 
fied  by  a  deblanking  stage  and  ap¬ 
plied  to  the  intensity  grid  of  the 
cathode-ray  tube,  allowing  the 
cathode  spot  to  appear  as  long  as 
Ti  is  in  its  triggered  state. 

When  the  target  is  being  searched 
for,  a  range-search  switch  (not. 
shown)  is  turned  to  the  search  posi¬ 
tion.  This  places  another  capacitor 
in  parallel  with  C*  and  biases  T,  so 
that  the  sweep  starts  at  the  instant 
the  lamp  flashes  and  the  spot  con¬ 
tinues  to  move  across  the  screen  at 
a  fairly  uniform  rate  during  the 
entire  35  microseconds  sweep  time. 
In  this  switch  position,  the  second 
trace  does  not  appear. 

Second  Sweep  Timer  and  Trigger 
Pip  Generator 

When  r,  (Fig.  2)  returns  to  its 
normal  state  the  potential  of  its 
cathode  rises  abruptly  to  about  50 
volts  and  then  drops  rapidly  to  its 
normal  potential  of  about  20  volts. 
This  abrupt  rise  in  potential  is 
used  to  trigger  the  second  sweep 
timer,  shown  in  Fig.  3,  which  is  a 
flip-flop  circuit  with  a  holding  time 
of  about  0.01  second.  The  output 
of  the  oscillator  is  sufficient  to  over¬ 
load  T„  causing  its  output  tp  ap¬ 
proximate  a  square  wave.  This  is 
differentiated  so  that  the  signal  ap¬ 
pearing  at  the  grid  of  is  a  series 
of  alternately  positive  and  negative 
pulses.  Tube  T,  is  normally  biased 
sufficiently  to  prevent  any  signal 
from  appearing  at  its  plate.  How¬ 
ever,  when  T,  returns  to  its  normal 
state  its  cathode  potential  rises 
abruptly,  producing  a  pedestal  volt¬ 
age  at  the  control  grid  of  T*  and 
allowing  a  pulse  to  trigger  the 


FIG.  2 — Schematic  circuit  oi  sweep  generator  and  sweep  amplifier 


FIG.  3 — Second  sweep  timer  and  trigger  pip  generator 
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sweep  generator  and  initiate  the 
second  sweep.  When  the  sweep  gen- 
e.'ator  returns  to  its  normal  state 
it  does  not  trigger  the  second  sweep 
timer  again  because  the  cathode  po¬ 
tential  of  the  second  sweep  timer 
does  not  drop  sufficiently  during 
the  36-micro8econd  second  sweep 
interval. 


300V 


rsoM 

VERTICAL 

AMPLIFIER 


Gating  Circuits 

When  the  second  sweep  timer  is 
triggered  at  the  completion  of  the 
first  sweep,  the  drop  in  potential 
of  its  left  plate  is  used  to  actuate 
gating  circuits  which  shift  the  sec¬ 
ond  trace  vertically  relative  to  the 
first  and  allow  marker  pips  to  ap¬ 
pear  on  the  second  trace.  These  cir¬ 
cuits  also  cut  off  the  vertical  am¬ 
plifier  during  the  second  trace  to 
prevent  noise  from  appearing  on  it. 

The  schematic  diagram  of  the 
gating  circuits  is  shown  in  Fig.  4. 
The  cathode-ray  circuits  are  shown 
for  clarity  but  only  a  portion  of  the 
range  pip  generator  is  shown  be¬ 
cause  it  is  similar  to  the  trigger 
pip  generator  except  for  an  addi¬ 
tional  stage  of  amplification  to  com¬ 
pensate  for  the  phase  shifter  at¬ 
tenuation. 

The  values  of  resistors  /J,  and 
Ri  are  chosen  to  apply  a  positive 
potential  to  the  grid  of  T,  when  the 
second  sweep  timer  is  in  its  normal 
state.  The  cathode  current  of  T, 
flows  through  the  center-tapped 
potentiometer  and  produces  a 
difference  in  potential  between  the 
vertical  deflection  plates  of  T* 
whose  magnitude  and  sign  depend 
on  the  position  of  the  slider  rela¬ 
tive  to  the  center  tap  and  thus  de¬ 
termine  the  position  of  the  first 
trace  relative  to  the  second. 

When  the  second  sweep  timer  is 
triggered,  T,  is  biased  beyond  cut¬ 
off.  This  releases  some  of  the  bias 
on  T,,  allowing  a  signal  consisting 
of  a  series  of  negative  pulses  to  be 
applied  to  one  of  the  vertical  plates 
of  Ts  and  cutting  off  the  plate  cur¬ 
rent  which  flowed  through  R^  dur¬ 
ing  the  first  trace.  Capacitor  Ci  in¬ 
sures  that  r,  remains  cut  off  during 
the  second  trace. 

Resistors  and  Rt  are  chosen  so 
that  the  final  stage  of  the  vertical 
amplifier  is  biased  beyond  cutoff 
during  the  second  trace  but  is  bi¬ 
ased  normally  during  the  first.  Ca¬ 
pacitor  C,  insures  that  the  vertical 


FIG.  4 — Schamatic  diagram  of  goting  circuiti  and  cothodo-raT  tuba 


amplifier  remains  cut  off  during 
the  second  trace. 

The  schematic  circuit  diagram 
of  the  phase  shifter  and  of  the 
phase-splitting  circuits  which  sup¬ 
ply  it  is  shown  in  Fig.  5.  The  phase 
shifter  is  a  special  capacitor*  con¬ 
sisting  of  four  quadrants  that  in¬ 
duce  voltages  in  a  common  pickup 
plate  which  faces  them.  An  eccen-  FIG.  5 — Phase  shiiter  and  phasesplitting 
trically  mounted  circular  Mycalex 
disk  is  mounted  between  the  quad¬ 
rants  and  the  pickup  plate  so  that 
the  capacitance  between  each  quad¬ 
rant  and  the  pickup  plate  varies  as 
the  disk  is  rotated.  One  mechanical 
degree  of  shaft  rotation  produces 
one  electrical  degree  of  phase 
change  in  the  vector  sum  of  the 
voltages  induced  in  the  pickup 
plate,  provided  the  quadrants  are 
supplied  with  voltages  of  equal  am¬ 
plitude  but  in  phase  quadrature. 

This  situation  will  exist  if  the  re¬ 
actances  of  Cl  and  C,  (Fig.  5)  are 
equal  to  the  resistances  of  R,  and 
R,  at  the  oscillator  frequency  and  if 
the  network  is  balanced  to  ground. 

Capacitor  C,  helps  provide  a  bal¬ 
ance  to  ground  by  compensating  for 
the  interwinding  capacitance  be¬ 
tween  Li  and  Lj. 

Vertical  Amplifier 

The  vertical  amplifier  has  a  volt¬ 
age  gain  of  about  85  db  and  is  shunt 
compensated  to  a  top  frequency  of 
2  me.  A  delay  line  between  the  sec¬ 
ond  and  third  stages  serves  as  a 
flexible  coupling  between  the  op¬ 
tical  head  and  the  scope  unit  and 
delays  the  signals  sufficiently  to  al¬ 
low  range  readings  to  be  made  on 
very  close  targets.  In  fact,  the  zcfo 
adjustment  of  the  phase  shifter 
shaft  is  made  by  holding  a  reflector 


TO  TRIGGER  PIR 
GENERATOR 


TO  RANGE  PIP 
GENERATOR 


next  to  the  framework  of  the  op¬ 
tical  head  and  in  the  light  beam. 
This  permits  a  ready  determina¬ 
tion  of  the  zero  correction  in  the 
field. 
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Columbia  Broadcaeting  System,  Inc. 
New  York,  N.  Y. 


The  Columbia  Broadcasting 
System  now  has  under  con¬ 
struction  modern  television  studios 
at  WCBS-TV,  the  New  York  key 
station  of  The  Columbia  Television 
Network.  Over  700,000  cubic  feet 
in’  the  Grand  Central  Terminal 
Building  are  available  for  this 
large-scale  operation.  Adequate 
space,  and  thorough  planning  for 
operational  flexibility  and  future 
expansion,  are  the  twin  keynotes  of 
the  project. 

Closely  associated  with  two  large 
live-talent  studios  and  their  control 
rooms  are  a  film  scanning  studio, 
master  control,  three  announce 
studios;  electrical,  carpenter,  and 
equipment  shops,  scenery  painting 
space ;  rooms  for  dressing  and 
makeup,  film  editing  and  splicing, 
viewing,  staff  lounges,  key  operat¬ 
ing  personnel  offices,  art  and  sound 
effects,  studio  lighting  control, 

80 


primary  power  switching  and  con¬ 
trol,  storage,  reception,  and  other 
related  facilities. 

The  equipment  layout  is  designed 
to  furnish  a  high  degree  of  flexi¬ 
bility  and  will  include  ample 
facilities  for  handling  previews, 
rehearsals,  programming  from  stu¬ 
dios,  film  and  slides,  as  well  as 
remote  and  network  programs  via 
coaxial  cable  or  radio  relay.  The 
master  control  switching  and  dis¬ 
tribution  system  for  both  audio  and 
video  is  capable  of  handling  any 
combination  of  twelve  input  cir¬ 
cuits  to  six  outgoing  points.  The 
switching  system  is  a  preset  open- 
ended  type  which  allows  for  con¬ 
venient  expansion  or  modification. 

In  general,  facilities  consist  of: 

(1)  One  large  live-talent  studio 
(Studio  A)  containing  three  cam¬ 
eras,  seven  or  more  microphones, 
portable  video  monitors  and  loud¬ 
speakers,  talk-back  loudspeakers, 
studio  communication  equipment, 
camera  dollies,  microphone  booms, 
and  other  necessary  components. 

(2)  A  second  large  live-talent 
studio  (Studio  B)  with-  two  cam¬ 


eras  and  other  facilities  similar  to 
those  enumerated  for  Studio  A. 

(3)  A  film  projection  room 
(Studio  C)  with  four  camera 
chains  and  eleven  film  and  slide 
projectors. 

(4)  A  combined  master  control 
and  film  control  room  where  syn¬ 
chronized  switching  of  all  audio 
and  video  program  material  is 
effected  as  well  as  control  of  the 
four  film  camera  chains.  Provision 
is  made  for  a  flying  spot  scanner. 

(5)  Three  announce  studios 
(Studios  D,  E  and  F)  equipped 
with  microphones,  in  addition  to 
audio  and  video  monitoring  equip¬ 
ment. 

(6)  Two  sound  effect  rooms,  a 
viewing  room,  and  two  studio 
lighting  control  rooms,  all  equipped 
with' communication  facilities,  mi¬ 
crophones,  and  audio  and  visual 
monitors. 

Studios  A  and  B  and  their  asso¬ 
ciated  control  rooms  are  engineered 
for  a  total  of  four  camera  chains; 
Studio  C,  film  scanning,  is  ar¬ 
ranged  to  accommodate  three  more 
projectors  and  a  fifth  camera  chain. 
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FIG.  1 — Portial  iloor  plan  of  Studio  A.  film-proioction  studio,  FIG.  2— Simpliilod  floor  plark  of  Studio  B.  control,  announce  Studio 
control  room  and  other  facilities  scenery,  other  storage,  and  technician's  lounge 


Design  criteria  for  video  and  audio  facilities  capable  of  meeting  the  requirements  of  com¬ 
plex  television  program  production  are  discussed  in  relation  to  future  expansion.  In¬ 
cluded  will  be  special  provisions  for  studio  lighting,  air  conditioning,  communications, 

and  sound  effects 
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WCBS-TV  . . .  New  Grand 


established  requirements,  the  sys¬ 
tem  may  become  much  larger  than 
necessary,  resulting  in  an  unneces-  ^ 
sarily  large  capital  expenditure. 

^  The  Studios 

Figure  1  shows  the  arrangement 
of  Studio  A  which  is  50  x  75  feet 
with  a  26-foot  ceiling.  A  potential 
ceiling  height  of  45  feet  is  avail¬ 
able.  The  arrangement  of  this 
studio  with  its  associated  control 
room,  announce  Studio  D,  and  film 
Studio  C,  are  indicated.  Al¬ 
though  details  are  omitted,  excel¬ 
lent  traffic  and  visual  contact  are 
maintained  between  the  studio,  its 
control  room,  and  announce  Studio 
D.  Other  important  facilities  not 
shown  here  are  the  studio  fighting 
control  room  located  on  a  balcony 
over  one  side  of  the  studio,  and  an 
arrangement  in  the  center  of  the 
studio  floor  for  the  passage  of  cam¬ 
era,  microphone  or  other  cables  in 
order  that  they  may  at  all  times 
be  kept  at  minimum  length  and 
within  the  camera  working  areas. 
This  studio  will  accommodate 
several  program  production  sets 
arranged  around  the  perimeter  of 
the  studio  space  so  as  not  to  block 
entrances  and  exits  or  the  visual 
contact  between  the  several  control 
points  and  the  studio  action. 

Studio  B  and  its  associated  facil¬ 
ities  shown  in  Fig.  2  are  similarly 
arranged.  This  studio  is  50  x  83 
feet  with  a  45-foot  ceiling.  The 
control  room  and  announce  Studio 
E  are  similar  to  the  facilities  for 
Studio  A.  A  large  scenery  paint¬ 
ing  area  separates  the  two  studios 
and  acts  as  a  sound  isolation  lock 
between  them.  Two  sound  effect 
rooms,  one  associated  with  each 
studio,  and  an  art  room,  are  located 
on  a  mezzanine  floor  directly  above 
the  scenery  painting  area. 

Studio  acoustical  properties  are 


Artial't  drawing  of  Studio  B.  aa  it  will  bo  aeon  from  tho  control  room 


Central  Studios 


gram  Departments.  This  initial 
planning  has  resulted  in  an  ap¬ 
proved  physical  layout,  a  basic 
equipment  systems  design,  pro¬ 
curement  of  technical  and  other 
facilities,  and  a  work  schedule  cov¬ 
ering  the  entire  project. 

When  planning  a  new  station,  the 
need  for  developing  operating  spec¬ 
ifications  which  take  into  account 
projected  program  production  plan¬ 
ning'  is  extremely  important.  With¬ 
out  such  consideration,  the  system 
engineering  is  likely  to  be  inade¬ 
quate,  and  may  require  many  ex¬ 
pensive  modifications  later.  On  the 
other  hand,  lacking  such  carefully 


The  audio  and  video  pickup,  con¬ 
trol,  switching  and  monitoring 
facilities  are  arranged  in  a  more 
flexible  manner  than  similar  facili¬ 
ties  in  the  past.  They  are  also  de¬ 
signed  for  maximum  ease  of  opera¬ 
tion  and  maintenance.  It  will  be 
possible,  for  instance,  to  mix  with 
the  microphone  and  camera  outputs 
of  any  studio,  action  originating 
from  the  film  studio,  from  the  other 
live-talent  studio,  or  from  local,  re¬ 
mote,  or  network  points.  Such 
multichannel  control  can  be  exer¬ 
cised  in  either  of  the  two  studio 
control  rooms  or  in  master  control, 
where  the  Studio  C  control  con¬ 
soles  are  located,  as  circumstances 
warrant. 

The  systems  design  of  the  audio 
and  video  facilities  together  with 
other  related  facilities  such  as 
primary  power  supply,  studio  light¬ 
ing,  air-conditioning,  sound  effects, 
clocks,  and  also  the  physical  layout 
of  the  entire  space,  is  based  upon 
operating  specifications  represent¬ 
ing  the  combined  viewpoint  of  the 
General  Engineering,  Construction, 
Technical  Operations,  and  TV  Pro- 


OTHER  FACILITIES 


The  studio  facilities  planned  by  WCBS-TV  and  described  in  this  article  will 
supplement  the  extensive  remote  facilities  that  have  so  far  characterized  the 
programming  of  the  station. 

Portable  equipment  includes:  mobile  unit  with  three  camera  chains  and  shf 
relay  equipment;  a  similar  two-camera  chain;  three  portable  camera  chains,  com¬ 
plete  with  synchronizing,  switching,  and  monitoring  .quipment,  presently  in  use  at 
Studio  A. 

Two  complete  sets  of  additional  remote  facilities,  one  including  shf  radio  relay, 
are  on  order.  One  set  includes  o  three-camera,  and  the  other  a  four  camera,  chain 
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\  studio  action,  and  to  a  large  video 
monitor  located  above  the  camera 
Xcontrol  console. . 

N  The  simplified  video  block  dia¬ 
gram  in  Fig.  5  shows  the  arrange¬ 
ment  of  facilities  associated  with 
Studio  A.  Similar  facilities  are 
provided  for  Studios  B  and  C,  al¬ 
though  the  latter  are  somewhat 
more  complex.  In  Studio  A,  three 
cameras,  mounted  on  'dollies  or  ped¬ 
estals,  will  be  provided  initially, 
with  means  to  accommodate  a 
fourth  camera.  Each  camera  con¬ 
trol  unit,  located  in  studio  control, 
has  a  10-in.  monitor  and  waveform 
indicator.  A  10-in.  line  monitor 
is  also  located  in  the  camera  control 
console.  The  switching,  fading, 
lap-dissolving  and  other  video  con¬ 
trols  are  located  on  the  production 
console.  The  switching  system  is 
designed  to  accommodate  four  stu¬ 
dio  camera  circuits,  four  film  cam¬ 
era  outputs,  three  remotes,  and  a 
obtained  by  the  use  of  rock  wool  control  room.  There  will  be  three  cue  circuit,  all  of  which  appear  on 

blankets  hung  on  the  wall  and  ceil-  such  control  rooms  in  this  plant  video  jacks  in  master  control.  They 

ing  areas  interspersed  at  random  initially,  two  for  the  live  talent  are  also  associated  with  other  jacks 

without  the  usual  broadcast  studio  studios  and  one  for  handling  film  looking  into  the  relay  switching 

decorative  treatment.  Acoustically,  and  slides.  Normal  personnel  com-  system.  There  are  two  preview 

each  studio  is  slightly  on  the  dead  plement  comprises  one  or  two  monitors  and  one  line  monitor  on 

side  of  the  optimum  characteristic  technicians,  each  handling  one  or  the  production  console.  The  mixer, 

for  the  size  of  enclosure  considered,  two  camera  control  units  at  the  stabilizing  and  isolation  amplifiers 

Control  rooms  are  purposely  a  little  control  console.  This  console  is  shown  are  located  in  master  con- 

on  the  live  side  to  represent  normal  located  just  inside  the  observation  trol. 

acoustical  conditions  encountered  window  that  separates  the  studio  Studios  A  and  B  will  each  be 
in  an  average  living  room.  The  from  the  control  room.  Several  equipped  with  a  minimum  of  seven 
studios  are  made  a  little  dead  feet  behind  this  console,  and  ele-  microphones,  mostly  directional 
acoustically  in  order  to  reduce  am-  vated  slightly,  are  located  the  audio  types.  The  microphones  will  be 
bient  noise  and  also  to  create  less  technician  at  the  extreme  left  (fac-  used  on  booms,  or  suspended  from 
critical  sound  pickups;  in  most  ing  studio)  and  adjacent  to  the  overhead.  A  minimum  of  two 

cases,  microphones  are  located  at  turntables  (TT),  and  next  to  him  booms  for  each  studio  will  be  pro- 

a  much  greater  distance  from  per-  the  switcher  who  selects  camera  or  vided.  Each  of  the  three  studio 
formers  than  in  ordinary  aural  other  video  outputs  and  preview  control  rooms  will  be  equipped  with 
broadcasting.  Additional  studio  inputs.  He  also  fades  and  lap-dis-  model  3C  audio  control  consoles, 
reverberation  can  be  obtained  by  solves  video  signals  and  performs  In  order  to  accommodate  the  re¬ 
synthetic  means.  Two  methods  are  other  switching  and  control  func-  quirements  peculiar  to  television 
available;  reverberation  chamber  tions  as  may  be  requested  by  the  sound  pickup  and  production  (as 
facilities,  or  dialogue  and  audio  director  who  sits  at  his  immediate  compared  to  aural  broadcasting), 
perspective  equalizers.  These  latter  right.  The  assistant  director  is  it  becomes  necessary  to  include  pro¬ 
features  are  incorporated  as  a  seated  to  the  right  of  the  director,  visions  for  dialogue  and  perspec- 
standard  part  of  the  CBS  Model  Space  has  been  provided  in  the  con-  tive  equalization,  two  disc-type 

3C  TV  audio  control  console  de-  trol  room  for  clients  who  are  turntables,  a  modified  talk-back  cir- 

signed  especially  for  this  and  simi-  located  at  a  third  and  higher  eleva-  cuit,  a  special  studio  cue  circuit, 

lar  applications.  tion.  Here  they  can  see  the  pre-  the  outputs  of  film  projector  sound 

Figure  3  is  a  detail  of  the  left  side  view  and  line  video  monitors  as  heads,  several  remotes,  announce 
of  Fig.  2,  illustrating  the  arrange-  well  as  hear  the  entire  control  room  studio  microphones,  reverberation 
ment  of  audio  and  video  control,  action.  This  arrangement  is  more  selector  and  controls,  and  other 
switching  and  monitoring  consoles,  clearly  illustrated  in  Fig.  4  which  facilities  necessary  in  a  modern 
and  also  the  location  of  oper-  shows  the  sight  lines  from  each  audio  control  console  of  this  type, 
ating  personnel,  in  a  typical  studio  elevation  to  video  monitors,  to  The  usual  mistake  of  taking 


Studio  B  control  room,  irom  the  studio 
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FIG.  3 — Studio  B  control,  thowing  location  oi  technicians.  FIG.  4 — Elevation  view  of  a  typical  control  room,  showing  sight 
directors,  and  clients  lines  for  occupants.  Video  monitor  indicates  television  actioa 
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audio  facilities  for  granted,  when 
considering  a  new  television  studio 
plant,  has  not  been  made  here.  The 
audio  problem  includes  not  only 
those  elements  common  to  network 
headquarters  a-m  and  f-m  require¬ 
ments,  but  also  entails  a  consider¬ 
able  number  of  additional  engineer- 
ihg  considerations  covering  the 
special  features  required  by  the 
combination  of  sound  and  pictures. 
To  this  end  the  model  3C  television 
audio  console,  has  been  designed  to 
accommodate  not  only  all  of  the 
television  studio  operating  require¬ 
ments,  but  to  afford  the  greatest 
flexibility  yet  demanded. 

A  suitable  intercommunication 
system  will  be  provided  to  permit 
necessary  liaison  between  program 
director  and  studio  floor  manager, 
between  the  director  and  the  tele¬ 
cine  (film  projection)  studio,  be¬ 
tween  video  switcher  and  camera- 
*men,  between  the  camera  control 
operators  and  the  lighting  oper¬ 
ator,  and  between  audio  technician 
and  microphone  boom  operators. 
Both  audio  and  radio  systems  of 
communication  will  be  employed 
for  this  purpose. 

The  Film  Studio 

The  arrangement  of  film  and 
slide  projection  facilities  with  their 
associated  cameras  is  shown  in  Fig. 
6.  T-v  film  multiplexers  are  used 
in  order  to  obtain  maximum  opera¬ 
tional  flexibility.  Initially,  two  35- 
mm  and  three  16-mm  projectors 
will  be  installed,  associated  with 
three  film  camera  chains.  Two 


Balopticon  projectors  will  be  used 
with  a  fourth  camera  chain  and  the 
installation  will  be  arrang:ed  so 
that  an  additional  35-mm,  16-mm, 
and  slide  projector  unit  may  be 
used  with  a  fifth  camera  chain. 
Accessory  facilities,  including  a  fly¬ 
ing  spot  scanner,  equipment  racks, 
film  splicing  table  and  cabinet,  and 
supply  cabinet  are  provided  as  in-i 
dicated.  Projection  controls  and 
video  monitors  for  each  of  the  cam¬ 
eras  are  mounted  on  cabinet  racks 
at  locations  consistent  with  best 
viewing.  Switches  for  starting  or 
stopping  each  of  the  film  projectors 
are  also  remotely  located  on  the 
program  consoles  in  all  three  studio 
control  rooms. 

Master  Control 

Figure  7  shows  the  master  con¬ 
trol  room  facilities  which  are  lo¬ 
cated  directly  over  the  Studio  A 
control  room  and  Studio  C  (tele¬ 
cine)  areas.  The  arrangement  of 
the  film  camera  control  switching 
and  monitoring  facilities  are  simi¬ 
lar  in  plan  and  elevation  to  the 
facilities  utilized  in  each  of  the 
other  studio  control  rooms.  The 
film  control  facilities  are  grouped 
at  one  end  of  master  control  so  that 
if  operating  experience  so  dictates, 
a  partition  can  be  installed  sepa¬ 
rating  them  from  other  master  con¬ 
trol  audio  and  video  operations. 
Initially,  a  curtain  will  probably  be 
installed  between  these  areas  in 
order  to  segregate  the  general 
lighting  and  other  operating  fea¬ 
tures  which  are  somewhat  different 


from  those  in  master  control 
proper.  The  master  control  dis¬ 
tribution  switching  console  is  lo¬ 
cated  directly  in  front  of  twenty- 
one  cabinet  racks  of  audio  and 
video  equipment.  The  rack  equip¬ 
ment  is  arranged  so  that  those 
units  requiring  attention  from  the 
operating  personnel  are  located  on 
the  racks  closest  to  the  control  con¬ 
sole.  Fourteen  cabinet  racks  of 
power  equipment  are  located  in  a 
separate  room  with  the  panel  fronts 
of  six  racks  facing  master  control. 
Two  types  of  standard  power  sup¬ 
ply  units  for  all  video  equipment  in 
the  plairt  are  mounted  on  these 
racks  and  also  a  few  power  control 
and  indicating  panels.  This  equip¬ 
ment  is  segregated  so  that  the  25 
kw  of  heat  dissipated  can  be  re¬ 
moved  from  this  space  by  exhaust 
fans.  This  arrangement  facilitates 
air-conditioning  the  operating  area 
within  the  master  control  room 
where  only  10  kw  is  dissipated. 

The  audio,  video,  and  power 
equipment  components  on  the  thir¬ 
ty-five  racks  consist  of  two  sync 
generators  with  switching  panel, 
video  monitors,  video  distribution, 
stabilizing,  isolation  and  fader 
amplifiers,  audio  amplifiers,  audio 
and  video  jack  and  relay  panels, 
radio  relay  control  units,  test  equip¬ 
ment,  power  supplies  and  their  con¬ 
trol  units,  and  other  equipment. 
Spare  major  equipment  components 
are  provided.  All  equipment  com¬ 
ponents  are  carefully  segregated 
and  arranged  to  allow  for  future 
expansion  of  various  parts  of  the 
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FIG.  6 — Layout  of  equipment  for  telecine  Studio  C  where  motion  picture!,  trans- 
porenciee.  or  opaque  illustrations  can  be  fed  into  the  network 


system.  For  instance,  coaxial  jack 
panels,  relays,  amplifiers,  and  other 
equipment  associated  with  the 
Studio  A  channel  are  not  only  iso¬ 
lated,  but  rack  space  is  provided 
for  additional  units  of  each  type 
used  in  channel  A. 

Announce  Studio  F  is  provided 
for  sound  commentary  associated 
with  film,  slide,  or  other  progrram 
material.  The  technical  supervi¬ 
sor’s  office  is  conveniently  located 
near  the  entrance  to  master  con¬ 
trol;  and  storage  space  is  provided 
at  the  far  end  of  the  room  for  tech¬ 
nical  spare  parts,  test*  equipment, 
and  other  necessary  supplies. 

The  master  control  room  is  the 
real  center  of  the  system.  All 
video  switching  is  done  here.  The 
individual  camera  lines  from  each 
studio  camera  control  output  ap¬ 
pear  on  coaxial  jacks  in  this  room. 
However,  these  lines  are  normally 
jacked  into  the  camera  switching 
relays  of  the  corresponding  studio. 
The  relays  are  controlled  from 
pushbuttons  on  the  program  con¬ 
soles  in  the  corresponding  studio 
control  rooms.  Four  banks  of  in¬ 
terlocked  relays  are  used,  two 
banks  for  the  program  switching, 
fading,  and  lap-dissolving,  and  two 
banks  for  switching  the  preview 
monitors  in  the  program  console  to 
any  desired  input  signal.  Camera 
control  unit  outputs  can  be  patched 
from  one  studio  to  any  other  con¬ 
trol  room.  In  this  way,  the  video 
switcher  at  the  program  console 
in  Studio  A  control  room  can 
switch  in  cameras  from  Studio  B 
and  from  film  cameras,  as  well  as 
from  his  own  local  cameras.  The 
signals  can  be  faded,  lap-dissolved. 


or  switched  instantaneously,  be¬ 
tween  any  two  of  these  sources,  at 
the  one  studio  control  console. 

Remote  or  network  signals  can 
also  be  patched  into  any  of  the 
studio  or  film  camera  switching 
systems,  thus  making  it  possible  to 
switch  in  remotes  as  part  of  a 
studio  or  film  program  if  desired. 
It  is  possible  to  switch  between 
local  and  remote  signals  but  no  pro¬ 
vision  is  made  for  lap-dissolves 
under  these  conditions.  It  is  ex¬ 
pected  that  this  shortcoming  will 
eventually  be  eliminated. 

The  outputs  of  each  group  of 
studio  switching  relays  are  mixed 
in  a  fader  amplifier  which  is  re¬ 
motely  controlled  from  the  corre¬ 
sponding  studio  program  console. 
The  fader  amplifier  feeds  a  stabiliz¬ 
ing  amplifier  which  clamps  on  the 
blanking  level  and  removes  switch¬ 


ing  transients  or  surges.  In  addi¬ 
tion,  synchronizing  is  mixed  in  this 
amplifier  with  the  local  camera  sig-  • 
nals.  In  cases  where  remote  com¬ 
posite  signals  are  switched  in 
through  this  system,  the  local  sync 
mixer  is  automatically  biased  off. 

The  output  of  each  studio  switch¬ 
ing  system  is  a  complete  composite 
signal  available  for  switching  to 
the  transmitter  or  elsewhere.  Each 
of  these  signals  passes  normally 
through  jackboard  contacts  to  the 
master  control  switching  relays. 
The  arrangement  of  these  and  asso¬ 
ciated  facilities  is  shown  in  Fig.  8, 
a  simplified  master  control  video 
block  diagram. 

Three  stabilizing  amplifiers  are 
used  for  handling  coaxial  and  tele¬ 
phone  line  remote  video  signals. 
They  are  required  to  compensate  for 
the  different  sync-to-picture  ratios 
in  the  various  incoming  signals.  In 
addition,  they  are  useful  for  re¬ 
moving  hum  and  bounce  that  may 
be  mixed  with  the  incoming  sig¬ 
nals.  Each  of  these  amplifiers  has 
two  outputs  available  on  jacks  for 
patching  either  into  the  master 
control  film  switching  system  or  to 
either  of  the  two  other  studio 
switching  systems.  The  controls 
for  each  stabilizing  amplifier  are 
located  on  the  master  control  con¬ 
sole,  providing  convenient  control 
over  the  sync  and  picture  levels 
while  monitoring  the  picture. 

The  master  control  switching 


FIG.  5 — Block  diagram  oi  video  switching  used  in  Studios  A  and  B 
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tional  flexibility  described,  more 
than  250  coarxial  type  jacks  and  200 
video  relays  will  be  employed  in 
this  system. 

The  master  control  room  will  be 
provided  with  an  audio  output 
switching  system  capable  of  han¬ 
dling,  on  a  preset  basis,  the  distri¬ 
bution  of  twelve  sources  of  pro¬ 
gram  to  four  outgoing  circuits.  It 
is  complementary  to  the  video 
switching  but  can  be  divorced 
therefrom  if  necessary.  In  addi¬ 
tion,  ample  means  will  be  provided 
for  the  equalization  of  incoming 
remote  loops,  for  amplification  and 
routing*  of  remote  programs,  for 
feeding  proper  cue  to  the  various 
studios,  and  for  performing  the 
other  miscellaneous  functions  of  a 
master  control  room. 

Test  and  measurement  equip¬ 
ment  for  properly  determining  and 
maintaining  the  electrical  operat¬ 
ing  characteristics  of  all  equipment 
in  this  new  plant,  to  accord  with 
established  standards,  is  impor¬ 
tant.'-  Television  test  equipment 
presently  available  is  comparable 
to  that  available  to  a-m  broadcast¬ 
ing  15  to  20  years  ago.  Many  of 
the  typical  laboratory  type  instru¬ 
ments  do  not  lend  themselves  well 
to  routine  maintenance  tests  by 
personnel  normally  unable  to  devote 
full  time  to  the  use- of  such  devices. 

Test  equipment,  however,  is  be¬ 
ing  provided  to  enable  routine 
measurements  of  the  audio  facili¬ 
ties  in  determining  response-fre¬ 
quency,  harmonic  distortion,  sig- 
nal-to-noise  ratio  and  signal  level. 
In  addition,  more  complex  and  ex¬ 
pensive  test  equipment  will  be 
provided  to  enable  measurement  of 
video  equipment  and  system  per¬ 
formance.  This  new  equipment  will 
permit  measurement  of  the  video 
components  and  system,  including 
such  characteristics  as  resolving 
power,  response-frequency,  phase- 
frequency,  transient  response, 
transfer  characteristic,  signal  level, 
signal-to-noise  ratio,  and  sweep 
linearity.  Means  for  accurately 
determining  the  timing  of  compos¬ 
ite  sync  and  blanking,  and  signal 
conformance  with  RMA  standards, 
will  also  be  available.  It  should  be 
noted  that  only  one  signal  source 
is  necessary  for  audio  performance 
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system  is  arranged  so  that  the  de¬ 
sired  studio  or  other  incoming  sig¬ 
nal  can  be  selected  to  feed  the 
transmitter  or  other  points.  This 
system  consists  of  six  banks  of 
twelve  interlocked  relays  each,  thus 
providing  for  six  outgoing  circuits 
to  be  switched  independently  to 
any  of  twelve  incoming  signals. 
Two  of  these  outgoing  circuits  are 
used  to  feed  two  preview  monitors 
in  the  master  control  console.  Fu¬ 
ture  video  monitors,  if  required, 
are  indicated  by  broken  lines  on 
Fig.  8.  The  four  remaining  lines 
can  be  switched  independently  to 
any  of  the  incoming  circuits.  One 
of  these  lines  will  be '  a  network 
feed.  By  the  use  of  additional  dis¬ 
tribution  amplifiers,  other  lines  can 
be  fed  in  parallel  with  these  cir¬ 
cuits  to  take  care  of  monitoring 
requirements  in  offices,  viewing 
rooms,  studios,  and  elsewhere.  Con¬ 
tacts  are  available  on  these  video 
switching  relays  for  the  control  of 
simultaneous  audio  switching. 

The  master  distribution  switch¬ 
ing  desk  also  contains  audio  con¬ 
trols,  waveform  oscilloscopes, 
volume  indicators,  a  PBX  telephone 
switchboard,  and  other  controls. 

Two  synchronizing  generators 
are  provided  in  the  master  control 
with  a  switch  to  select  the  desired 
generator  for  use.  This  generator 
feeds  distribution  amplifiers  to  sup¬ 
ply  the  blanking,  driving,  and  syn¬ 
chronizing  signals  to  the  various 


parts  of  the  system.  All  synchro¬ 
nizing,  blanking,  and  driving  signal 
outputs  appear  on  coaxial  jacks. 
Spare  outputs  are  also  provided  so 
that  substitution  can  be  made  eas¬ 
ily  in  case  of  failure  of  a  distribu¬ 
tion  amplifier  section. 

This  overall  system  is  extremely 
flexible  as  it  provides  numerous 
combinations  of  camera  facilities 
for  programming  and  rehearsal. 
Cameras  and  remotes  can  be 
patched  into  any  studio  switching 
system  so  that  the  program  di¬ 
rector,  at  his  console  in  a  studio 
control  room,  has  complete  control 
over  the  switching  of  any  studio 
cameras,  film  cameras,  or  remotes 
that  he  may  require  to  make  up  a 
given  program.  A  complete  film 
program  can  be  run  entirely  in 
master  control  if  desired.  Remote 
and  network  programs  can  also  be 
run  entirely  by  master  control 
when  so  required.  In  this  way  the 
facilities  of  an  individual  studio 
can  be  used  for  rehearsals  while 
another  studio  is  put  on  the  air. 
One  film  chain  may  be  used  for  a 
program  while  another  film  chain 
is  previewed,  without  interference. 
Almost  any  combination  of  facili¬ 
ties  can  be  used  to  suit  the  partic¬ 
ular  requirwnents  that  may  arise. 

The  generous  use  of  coaxial  jacks 
permits  quick  by-passing  or  sub¬ 
stitution  in  case  of  failure  of  any 
part  of  the  system.  In  order  to 
obtain  the  high  degree  of  opera¬ 
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measurements  and  that  eight  dif* 
ferent  signal  sources  are  necessary 
toTdetermine  propnerly  the  perform¬ 
ance  characteristics  of  video  equip¬ 
ment  and  systems. 

Sound  Effocts 


Two  sound  isolated,  acoustically 
treated  and  air-conditioned  rooms, 
approximately  15  X  20  feet,  each 
overlooking  a  studio,  will  be  used 
for  producing  sound  effects.  Audio 
and  video  monitoring,  communi¬ 
cation,  and  special  audio  consoles 
including  microphones  and  mixers, 
will  be  permanently  installed  here. 
Special  power  and  utility  circuits, 

■  variable  speed  turntables,  and  a 
record  library  will  also  be  avail¬ 
able.  Water  supply  with  necessary 
plumbing  fixtures,  and  compressed 
air  with  necessary  controls,  will  be 
furnished  with  which  to  produce 
special  effects.  Many  types  of  phys¬ 
ical  props'  will  be  permanently  in¬ 
stalled  in  each  room'  including 
doors,  windows,  dresser  drawers, 
gongs,  bells,  and  buzzers.  The 
sounds  produced  here  will  be  cued 
in  and  mixed  with  audio  from 
studios  or  elsewhere  as  may  be 
required.  If  denrable,  the  sound 
effects  may  be  produced  in  the 
studio  proper  or  may  be  reproduced 
there  from  loudspeakers.  The 
production  of  effects  in  the  sound 
room  will  be  used  as  much  as  pos- 
K  sible  in  order  to  decrease  the 
amount  of  equipment  and  cables  on 
Vy  the  studio  floor. 

Other  Facilities 

The  primary  power  supply  facili¬ 
ties  include  approximately  450  kw, 
of  both  a-c  and  d-c  power.  The 
audio  and  video  equipment  requires 
about  60  kw  of  single  phase  a-c 
which  is  available  on  these  prem¬ 
ises  from  two  sources.  Direct-cur¬ 
rent  power  is  used  for  studio  and 
other  lighting. 

Experiments  in  studio  lighting 
have  gone  forward  for  many 
months.  Although  the  exact  light¬ 
ing  requirements  in  terms  of  the 
new  studio  image  orthicon  camera 
tube,  type  5655,  have  not  been  fully 
explored,  considerable  information 
has  been  obtained  with  five  differ¬ 
ent  stage  sets  in  Studio  A.  This 
studio  is  now  being  operated  with 
live-talent  pickups  using  portable 
type  cameras,  and  both  portable 


FIG.  8 — Block  diagram  oi  Matter  Control  Tideo  twitching,  thowing  mixing  oi  ttudio 
and  remote  program  for  compotite  network  output 


and  fixed  synchronizing,  switching, 
control  and  monitoring  equipment. 
Best  results  to  date  have  been 
obtained  using  fluorescent  base 
lighting  with  about  50  to  100  foot- 
candles  of  incident  light.  This 
illumination  is  supplemented  with 
incandescent  flood  and  spotlights 
which  are  located  for  best  modeling 
and  high-lighting  of  the  subject  or 
subjects  being  televised.  This  high¬ 
lighting  increases  the  incident  light 
on  the  set  from  200  to  300  foot- 
candles.  On  one  particular  experi¬ 
mental  set,  about  18  kw  of  lighting 
is  used,  most  of  the  power  being 
consumed  by  the  incandescent  floods 
and  spots.  Various  types  of  fix¬ 
tures  and  reflectors  are  used,  the 
objective  being  to  arrive  at  a  stand¬ 
ard  fixture  design  which,  with 
adapters,  will  accommodate  various 
types  and  sizes  of  lamps.  All  fix¬ 
tures  can  be  elevated,  tipped,  or 
rotated  by  manual  adjustment.  Be¬ 
cause  proper  set  lighting  plays  an 
important  part  in  the  quality  of 
picture  which  the  televiewer  sees, 
all  types  of  studio  lighting  are 
being  investigated.  It  is  planned 
to  arrive  at  a  system  that  has  equal 
flexibility  with  the  audio  and  video 
facilities  so  that  the  producers  of 
television  programs  will  have  avail¬ 
able  all  of  the  tools  necessary  to  do 
a  first-class  job.  The  lighting  for 
all  studio  sets  will  be  electrically 


controlled  from  a  single  point. 
Originally,  it  was  planned  to  con¬ 
trol  the  physical  location  of  the 
various  light  fixtures  from  a  single 
point.  Although  the  plan  has  not 
been  abandoned,  experience  thus 
far  indicates  that  it  may  not  be 
practical  and  economically  feasible. 
All  of  the  lighting  facilities  will  be 
arranged  so  tnat  they  can  be  serv¬ 
iced  conveniently.  Experience  in¬ 
dicates  that  the  amount  of  lighting 
required  will  be  considerably  less 
than  that  formerly  used  with  older 
type  iconoscope  cameras.  This  con¬ 
dition  is  fortunate  when  consider¬ 
ing  the  comfort  of  performers 
and  the  air-conditioning  problem. 
Studio  control  rooms  and  all  other 
operating  areas  will  be  lighted  with 
dimmers  and  spotlights  wherevei^ 
video  monitors  are  located. 

A  television  studio  project  ot 
this  magnitude  requires  several 
thousand  engineering  man-hours  to 
plan  and  execute  it  efficiently.  The 
audio  and  video  engineering  work 
is  being  performed  by  the  CBS 
General  Engineering  Department 
under  the  direct  supervision  of 
Howard  A.  Chinn,  Chief  Audio- 
Video  Engineer. 

Reference 

( 1 )  D.  G.  Fink,  "Avenues  of  Improve¬ 
ment  in  Present-Day  Television”,  a  paper 
delivered  before  the  RMA-IRK  Fall  Meet¬ 
ing  and  before  the  IRK,  New  York 
Section. 
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Dynamic  Relay  Analyzer 


Every  aspect  of  relay  action  under  any  operating  condition  can  be  measured  and  analyzed. 
A  cathode-ray  display  is  photographed  to  obtain  permanent  records  of  operate  and  release 

time,  contact  bounce,  or  other  characteristics 
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Front  Yiew  of  the  relay  tester.  Color-coiled  leads  correspond  to  colored  schematic 

engraYed  on  panel 


HE  Relay  Tester  to  be  described 
is  a  versatile  instrument  that 
quickly  measures  the  coil  resist¬ 
ance,  minimum  operate  current, 
drop-out  current,  and  voltage  drop 
across  the  coil  of  direct-current  re¬ 
lays,  in  addition  to  the  following 
time  periods  of  the  contacts: 

(a)  Closing:  time  of  the  normally-open 
contacts 

(b)  Opening  time  of  the  normally- 
closed  contacts 

(c)  Closing  time,  during  drop-out,  of 
the  normaily  closed  contacts 

(d)  Opening  time,  during  drop-out.  of 
the  normally  opten  contacts 

(e)  Transfer  time  of  the  moving  con¬ 
tact,  in  the  operate  direction. 

The  time-check  feature  is  of  spe¬ 
cial  interest  to  the  electronic  en¬ 
gineer,  because  it  enables  him  to 
determine  the  relay  action  at  the 


Fig.  1 — Block  diagram  oi  the  relay  tetter 


specific  current  or  voltage  to  be 
used.  By  inserting  the  appropriate 
impedances  or  resistances  in  the 
relay  circuit  during  tests  the  actual 
circuit  parameters  can  be  clo.sely 
simulated. 

The  circuits  incorporated  in  the 
relay  tester  to  accomplish  these 
tests  are  shown  in  block  form  in 
Fig.  1. 

Power  and  Metering 

A  conventional  full-wave  power 
supply  is  used  to  furnish  relay  op¬ 
erate  currents  up  to  1  ampere  at 
270  volts  d-c.  A  30-second  time  de¬ 
lay  switch  is  incorporated  in  the 
plate  circuits  to  protect  the  866-A 
rectifier  tubes  during  the  warm-up 
period. 

The  output  of  the  power  supply 


is  fed  to  a  voltage  dividing  system. 
By  means  of  a  selector  switch  no- 
load  voltage  ranges  are  available  at 
0  to  200  and  200  to  1,000  mv,  1  to 
10,  10  to  90,  90  to  180,  and  180  to 
270  volts.  Fine  adjustments  of  the 
ranges  are  made  possible  by  the  use 
of  two  tandem  arrangements  of 
three  50-watt  potentiometers. 

The  current  meter  is  properly 
shunted  to  provide  five  ranges: 
100  ^a,  1  ma,  10  ma,  100  ma,  and  1 
amp.  The  high  impedance  volt¬ 
meter  operates  in  the  following 
ranges:  3  v  (full  scale),  10  v,  30  v, 
100  V  and  300  v.  An  ohmmeter  for 
measuring  circuit,  coil,  and  contact 
resistance  is  combined  with  the 
voltmeter  circuit  and  indicates  re¬ 
sistance  in  six  scale  ranges  up  to 
1,000  megohms.  The  half-scale 
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momentarily-on  type,  is  closed.  A.s 
the  thyratron  fires,  voltage  is  ap¬ 
plied  simultaneously  to  the  relay 
coil  and  the  central  anode  of  the 
c-r  tube.  This  action  causes  a  trace 
to  appear.  The  length  of  the  arc- 
described  will  depend  on  the  oscil¬ 
lator  freciuency  and  the  time  inter¬ 
val  between  the  application  of  the 
voltage  to  the  central  anode  of  the 
tube  and  its  removal,  due  to  the 
circuit  resulting  when  the  normally- 
open  relay  contacts  close.  Let  us  as¬ 
sume,  for  example,  that  the  arc 
appears  to  be  about  180  deg.  Be¬ 
cause  the  ultimate  aim  is  to  apply 
a  frequencfy  to  the  c-r  tube  that 
causes  the  arc  to  close  to  a  complete 
circle,  the  frequency  is  doubled  and 
another  trial  made,  after  resetting 
the  circuit  by  opening  the  reset 
switch  Si.  This  procedure  is  re¬ 
peated  until  the  trace  just  closes  to 
a  circle.  In  practice,  this  closure 
may  be  arrived  at  in  about  three 
trials  from  start,  consuming  less 
than  a  half  minute  of  time. 

It  is  apparent  that  the  closing 
time  of  the  normally  open  contacts, 
from  the  time  that  voltage  was  ap¬ 
plied  to  the  coil,  was  1//  seconds, 
where  /  is  the  oscillator  frequency 
in  cps.  It  is  therefore  possible  to 
calibrate  the  oscillator  dial  directly 
in  time  units,  such  as  milliseconds. 

A  slight  modification  of  the  cir¬ 
cuit  shown  in  Fig.  2 A,  permits  the 
transit  time  of  the  movable  con¬ 
tact  to  be  measured.  The  two  sta¬ 
tionary  contacts  are  connected  to¬ 
gether  as  shown  by  the  dotted  lines, 
and  during  the  test  the  trace  will 
be  visible  only  when  the  moving 


Upper  OKiUe^ranu  show  closing  tims  oi  Qonnally-opon  contacts,  oponing  tUns  of 
nonnally-closod  contacts,  transit  time  ol  moving  contact  in  opsroto  diroction,  closing 
tims  of  normolly-ciossd  contacts  on  drop  out  and  opening  time  ol  normally-open 
contacts  on  drop  out.  Lower  strip  shows  Torious  types  ol  contact  bounce 


test  is  initiated  when  the  test 
switch  Si  is  momentarily  closed. 
If  the  control  P»  is  adjusted  to  a 
minimum  voltage  that  will  just 
cause  firing  of  the  thyratron,  the 
starting  point  of  the  trace  will  re¬ 
peat  itself  on  consecutive  tests.  In 
view  of  the  persistence  qualities  of 
the  Pl-type  screen  incorporated  in 
the  c-r  tube,  this  feature  assures 
ease  in  making  visual  observations. 

In  a  test  operation  the  relay  is 
connected  to  the  proper  voltage 
point,  as  shown  in  Fig.  2 A.  The^ 
oscillator  is  set  to  the  lowest  fre¬ 
quency,  and  the  phase  control  ad¬ 
justed  to  produce  a  perfect  circle. 
(A  continuous  trace  will  be  visible 
at  any  time  the  trace  check  switch 
S^  is  opened  and  the  relay  test 
switch  operated.)  This  arrange¬ 
ment  makes  it  easy  to  check  the 
phase  adjustment,  which  is  not  af¬ 
fected  materially  by  small  fre¬ 
quency  changes  in  the  oscillator. 

With  the  relay  coil  connected  to 
the  proper  voltage  on  the  voltage 
divider,  the  test  switch  S„  of  the 


ranges  are:  10,  100,  10,000  and 
100,000  ohms,  and  10  megohms. 

Relay  Timing  Circuits 

The  basic  timing  circuit  is  shown 
in  Fig.  2.  This  circuit,  which  meas¬ 
ures  the  operate  time  of  the  relay, 
is  constructed  around  the  3DP1 
cathode-ray  tube.  The  tube,  a  ra¬ 
dial-deflection  type  developed  for 
radar  use,  is  similar  to  the  3AP- 
1/906-Pl,  and  operates  with  com¬ 
parable  anode  potentials.  A  2.5  v 
filament  is  incorporated,  however, 
and  a  radial  control  anode  pro¬ 
trudes  through  the  tube  at  the  cen¬ 
ter  of  the  screen  surface  for  apply¬ 
ing  radial  control  voltages.  This 
anode  requires  a  positive  potential 
from  50  to  75  v,  in  order  to  main¬ 
tain  a  circular  trace  within  the 
viewing  area  of  the  screen.  This 
requirement  is  the  basis  of  the  tim¬ 
ing  circuit. 

'  In  Fig.  2A,  a  sine-wave  voltage  is 
continuously  fed  to  the  deflecting 
plates  through  the  phasing  system 
including  C,  and  P,.  The  source  of 
the  sine-wave  voltage  is  a  stable 
oscillator  covering  the  range  from 
20  to  2,000  cycles.  A  resultant  trace 
will  be  visible  if  the  proper  poten¬ 
tial  is  applied  to  the  central  anode 
of  the  tube,  and  the  trace  will  be 
circular  if  the  phase  control  is 
properly  adjusted. 

A  type  3C31  thyratron  is  utilized 
as  a  switch  to  apply  the  current  to 
the  relay  coil  and  c-r  tube  anode. 
This  arrangement  has  two  desir¬ 
able  features:  the  current  is  ap¬ 
plied  to  the  coil  instantaneously, 
without  the  interruptions  that 
might  be  encountered  if  the  chatter¬ 
ing  of  a  mechanical  switch  were 
involved;  the  thyratron  is  normally 
biased  with  a  negative  potential 
that  prevents  firing.  The  timing 
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FIG.2— Circuit  wiring  lor  measuring  operate  time  ol  normally-open  reloys  (A),  and 
opening  time  of  normally-closed  contact:  (B).  Transit  time  is  measured  by  the  dashed 
line  modification  of  circuit  A 
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contact  is  not  touching  either  sta¬ 
tionary  contact. 

Figure  2B  shows  another  modi¬ 
fication  of  the  basic  circuit  that 
permits  the  opening  time  of  the 
normally-closed  contacts  to  be  meas¬ 
ured.  The  trace  begins  as  voltage 
is  applied  and  disappears  when  the 
moving  contact  of  the  relay  breaks 
normal  contact  position. 

When  measuring  the  contact 
times  during  the  drop-out  period  of 
a  relay,  two  possible  conditions 
must  be  considered.  The  first  is 
introduced  when  the  relay  coil  is 
de-energized  by  means  of  a  series 
switch  and  opens  into  an  infinite 
load  where  no  shunt  interferes  with 
the  collapse  of  the  magnetic  field. 
The  other  condition  is  the  one  most 
often  encountered  in  electronic  cir¬ 
cuits,  when  the  relay  is  connected 
in  the  plate  circuit  of  a  vacuum 
.tube  not  operating  with  cutoff  grid 
bias.  The  current  through  the 
cpil  never  drops  to  zero,  but  varies 
sufficiently  to  operate  the  relay. 
Under  these  circumstances  the 
drop-out  time  is  increased.  It  is, 
therefore,  desirable  to  be  able  to 
simulate  either  of  these  conditions 
.when  making  drop-out  time  tests 
on  a  relay.  The  basic  circuit  shown 
in  Fig.  3  makes  this  possible. 

'  The  position  of  the  initiating 
thyratron  has  been  changed 
from  its  former  series  connection. 
When  the  selector  switch  of  the  re¬ 
lay  tester  is  set  for  closing  time  of 
normally  closed  contacts,  voltage  is 
applied  to  the  bleeder  to  close  the 
relay  under  test.  When  the  test 
switch  is  closed,  .  the  thyratron 


triggers  to  operate  the  auxiliary  re¬ 
lay  K.,  which  in  turn  disconnects 
the  coil  of  the  relay  under  test.  In 
this  manner,  the  starting  point  of 
the  c-r  trace  is  still  under  control. 
It  should  be  noted  that  the  inclu¬ 
sion  of  the  initiating  thyratron  at 
no  time  introduces  any  delay  in  the 
timing'  considerations  of  the  c-r 
trace  and  its  relation  to  the  clos¬ 
ing  or  opening  of  the  relay. 

When  the  test  switch  is  operated 
the  initiating  thyratron  fires  to  en¬ 
ergize  the  auxiliary  relay  K^.  The 
operation  of  this  relay  opens  two 
circuits  simultaneously;  the  grid 
bias  is  disconnected  from  the  sec¬ 
ond  thyratron  V»  which  then  fires 
to  start  the  timing  trace  on  the  c-r 
tube;  the  current  to  the  coil  of  the 
relay  under  test  is  disconnected. 
When  the  normally-closed  contacts 
of  this  relay  engage,  the  trace  on 
the  c-r  tube  is  stopped  to  complete 
the  described  timing  arc. 

The  auxiliary  relay  K»  is  a  dpdt 
relay  with  adjustable  contacts,  set 
in  a  manner  that  causes  the  two 
moving  arms  to  break  contact 
simultaneously  (within  4  to  10 
microseconds).  This  small  differ¬ 
ence,  as  well  as  the  delay  of  V,  are 
of  such  small  order  as  to  be  unim¬ 
portant  when-  considering  times  in 
the  order  of  milliseconds. 

The  basic  circuit  modification 
.shown  in  Fig.  3B  is  used  to  meas¬ 
ure  the  opening  time  of  the  nor- 
mally-open  contacts  during  drop¬ 
out.  This  circuit  is  similar  to  Fig. 
3A  except  the  anode  voltage  to  the 
c-r  tube  is  removed,  to  terminate 
the  timing  trace,  when  the  nor¬ 


riG.  3  -Schsmatic  circuit  diqqrami  ior  mvaaurinq  drop-out  timo  oi  relays.  Circuit  A 
ii  ior  relayi  with  normally-cloted  hack  contact,  and  modiiication  B  ior  opening  time 
oi  nnrmally-open  cojfiacta 


mally-open  contacts  of  the  relay 
under  test  open. 

Binding  posts  are  provided  for 
connecting  a  series  resistance  in 
the  coil  circuit  of  the  relay  under 
test  when  the  auxiliary  relay  K,  op¬ 
erates.  The  value  of  this  resistance 
will  depend  on  the  circuit  condi¬ 
tions  in  which  the  relay  is  to  be 
used,  and  will  take  into  considera¬ 
tion  the  d-c  resistance  of  the  tube 
with  whiqh  it  is  used,  (the  series 
resistance  after  drop-out),  and  the 
current  still  flowing  in  the  coil. 

The  six-conductor  cable  used  for 
connecting  the  relay  to  the  relay 
tester  is  composed  of  colored  wires 
and  terminated  in  small  clips  which 
are  convenient  for  attaching  to  the 
lugs  of  the  conventional  telephone 
type  relay.  A  color-coded  schematic 
of  a  spdt  relay  is  attached  to  the 
panel  of  the  tester,  and  is  used  as  a 
reference  in  connecting  the  relay 
and  in  selecting  the  points  desired 
for  voltage  and  resistance  measure¬ 
ments. 

Timing  Ranges 

The  oscillator  circuit  is  a  re¬ 
sistance-tuned  type.  Stability  has 
been  increased  by  the  use  of  quality 
parts  with  ratings  above  require¬ 
ments.  The  circuit  is  similar  to  the 
Hewlett-Packard  200  Series  oscil¬ 
lator.  Two  frequency  ranges  are 
incorporated:  20  to  200  and  200  to 
2,000  cps.  The  millisecond  scale  of 
the  tester  is  graduated  to  read  from 
0.5  to  5  milliseconds  on  one  scale 
and  from  5  to  50  milliseconds  when 
using  the  multiplying  factor.  Op¬ 
erational  times  from  0.5  millisec¬ 
ond,  full  trace,  to  50  milliseconds, 
can  therefore  be  read.  The  c-r 
screen  is  divided  into  four  quad¬ 
rants  by  means  of  ordinate  lines, 
and  an  arc  of  45  deg  may  be  esti¬ 
mated,  so  that  approximate  read¬ 
ings  down  to  about  60  microsec¬ 
onds  can  be  read  at  the  fast  end  of 
the  range.  Few  relays  now  avail¬ 
able  will  operate  in  less  than  1 
millisecond.  There  are  many  re¬ 
lays  available  however,  that  have 
operate  times  of  over  50  millijiicc- 
onds,  the  extreme  limit  of  the 
range.  If  such  relays  are  to  be  ac¬ 
commodated,  the  oscillator  should 
have  a  third  range  of  2  to  20  cps. 
Relays  with  operate  times  of  over 
one-half  second  can  be  tested  con¬ 
veniently  on  a  clock  timer. 


ELECTRONICS  — Ju/y,  1948 

t 


89 


6AL5 


2  6  6.3V  AT 
0.75  AMP 


O— VW-PB  + 

^  RESET 

f  150  -  250V 

AT  0.01  AMP 

MAX 


FIG.  1— Duoacal*  plug-in  scol*^i-two  unit  and  ichamatic  diagram.  NumaraU  ara  pin  connactiona  for  plug.  Circuit  ia  modifiad  Ecclai. 

Jordan  triggar  circuit  uaing  miniatura  tubaa 


Plug-in  Scaler  for 


Basic  8cale-of-two  counter  mounted  on  nine-pin  tube  base  simplifies  design  of  high-speed 
counting  equipment  for  industrial  and  research  requirements.  Unit  can  he  connected  to 
reset  itself  automatically  on  reaching  a  predetermined  count 
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SCALING  DEVICES  are  used  as  con¬ 
stant-frequency  dividers  in  any 
electrical  process  where  impulses 
are  occurring  at  too  rapid  a  rate 
to  allow  dependable  actuation  of  a 
mechanical  register.  For  instance, 
small  machine  parts  moving  into  a 
packaging  machine  at  the  rate  of 
1,000  units  per  minute  can  be 
counted  with  an  electromechanical 
counter  having  a  maximum  rating 
of  600  counts  per  minute  by  adding 
a  scale-of-two  circuit.  This  allows 
the  register  to  run  at  500  counts  per 
minute,  which  is  within  its  rating. 

When  an  electromechanical  count¬ 
ing  device  is  used  in  conjunction 
with  a  Geiger-Mueller  tube  for 
measurements  on  radioactive  mate¬ 
rials,  the  problems  posed  by  the  ex¬ 
istence  of  a  maximum  counting  rate 
for  the  register  become  even  more 


complex.  The  basis  of  these  diffi¬ 
culties  is  the  unfortunate  fact  that 
radiations  from  the  nucleus  occur, 
individually  and  collectively,  at  com¬ 
pletely  random  intervals.  Even 
though  the  average  counting  rate 
being  measured  is  not  excessive 
(equal  to  or  less  than  the  maximum 
rated  speed  of  the  register),  a  se¬ 
quence  of  impulses  may  be  received 
with  too  short  an  interpulse  spacing 
to  actuate  the  register.  This  loss 
due  to  random  occurrence  of  pulses 
becomes  serious  at  rates  approxi¬ 
mating  the  register  rating. 

The  use  of  scaling  stages  between 
the  Geiger  tube  and  the  register 
greatly  improves  this  situation, 
since  the  use  of  a  series  of  scales 
tends  to  decrease  the  spread  or  de¬ 
viation  of  any  individual  interpulse 
space  from  the  mean.  It  is  desir¬ 
able  to  use  scaling  stages  even 
where  the  counting  rate  to  be  meas¬ 
ured  is  equal  to  or  even  less  than  the 
maximum  rated  speed  of  the  regis¬ 


ter,  because  a  system  can  begin  to 
lose  counts  well  below  the  rated 
speed.  In  actual  tests  with  random 
pulses,  an  electronic  scaling  system 
rated  at  32,000  counts  per  minute 
(scale  of  32,  register  maximum  rate 
of  1,000)  began  to  lose  at  20,000 
counts  per  minute.  In  these  tests, 
the  same  register,  when  used  with 
a  scale  of  8  (with  rated  system 
speed  now  8,000  counts  per  minute) 
began  missing  at  4,000  counts  per 
minute,  comparatively  a  much 
higher  loss. 

Use  of  plug-in  scaling  circuits  in 
an  amplifier-scaler-counter  unit  for 
Geiger  tubes  permits  replacing  any 
scale  at  a  moment’s  notice,  without 
sending  the  whole  chassis  to  the 
shop  for  repairs.  A  counting  circuit 
used  for  such  a  scaling  circuit  was 
developed  from  the  Eccles- Jordan 
trigger  circuit  by  adding  grid-plate 
capacitors  between  triodes  to  in- 
crea.se  sensitivity  and  speed  up  the 
transfer  of  conduction  from  one 
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Bottom  Tiew  of  64  scaler,  showing  simplicity  of  wiring.  Arrows 
point  to  sockets  of  plug>in  units 


Top-of-chassis  riew  of  64-count  scaler  using  six  scale-of-two 
plug-in  units.  Electromagnetic  counter  is  at  upper  left 


Industrial  Counting 


either  the  left  or  righthand  tube  is 
normally  conducting,  permitting  use 
in  a  predetermined-type  scaling  cir¬ 
cuit,  where  any  number  of  counts 
from  1  to  2"  can  be  counted  before 
the  output  circuit  is  actuated.  In 
conventional  counting  circuits  the 
righthand  triode  is  usually  reset  to 
the  conducting  condition  and  a  scal¬ 
ing  ratio  of  2"  is  available  (where 
n  is  the  number  of  scales  used). 

These  features,  in  addition  to  the 
fact  that  the  resolving  time  is  of  the 
order  of  a  few  microseconds,  com¬ 
bine  to  make  this  miniature  tube 
plug-in  scale  useful  for  many  prob¬ 
lems  of  high-speed  counting  in  in¬ 
dustry  as  well  as  in  the  research 
laboratory,  for  incorporation  in 
such  widely  varied  equipment  as 
scalers  for  radioactivity  measure¬ 
ments  and  cosmic  ray  research,  mi¬ 
crosecond  stopclocks  using  a  crystal 
or  tuning  fork  oscillator  and  a  series 
of  scales  as  frequency  dividers,  pro¬ 
duction  line  control  equipment  for 
counting  such  objects  as  machine 
parts  or  pills,  and  constant  fre¬ 
quency  dividers  in  any  process 
where  events  occur  too  rapidly  for 
direct  actuation  of  a  mechanical 
register.. ' 


two  ways:  (1)  a  biasing  voltage 
may  be  connected  to  the  grid  of  the 
righthand  triode  at  pin  6;  (2)  the 
plate  supply  voltage  to  either  of  the 
triodes  may  be  interrupted  at  pin  7 
or  8. 

The  circuit  may  be  reset  so  that 


tube  to  the  other.  It  uses  the  mini¬ 
ature  type  6J6  dual  triode,  as  shown 
in  Fig.  1,  with  a  minature  type 
6AL5  dual  diode  as  the  coupling 
tube.  All  electrical  connections  are 
made  through  a  nine-prong  plug. 
The  scales  may  be  reset  in  either  of 


MANUFACTURING  TREND 

•  Acceptance  of  electronic  equipment 
by  industriol  users  is  greatly  increased  by 
plug-in  construction  of  critical  sections, 
permitting  instant  replacement  by  un¬ 
skilled  help. 

•  Cost  of  keeping  set  of  spare  plug-in 
sections  on  hand  is  generally  less  than  a 
single  service  call  by  a  factory  tech¬ 
nician,  and  there  is  no  machine  idle 
time  to  be  charged  up  to  failure  of  an 
electronic  component. 

•  Actual  repair.of  plug-in  section  can  be 
done  at  factory  on  semi-moss-production 
basis  by  skilled  technicians,  insuring  ef¬ 
fective  repair  at  lowest  possible  cost. 

•  Use  of  plug-ins  increases  versatility  of 
opplicotions 
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FIG.  1 — Block  diaQrom  of  the  comera  synchronising  system  that  is  triggered  when  the  projectile  is  fired.  The  camera 
station  is  common  to  two  or  more  receiTing  locations.  Position  of  the  missile  is  recorded  by  the  moving  film  camera  by 

means  of  a  linkage  from  the  chronograph  camera 

Photographic  Tracking 


ROBABLY  the  most  widely  used  By  L.  M.  BIBERMAN,  S.  E.  DORSEY,  and  D.  L.  EWING 
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PROBABLY  the  most  widely  used 
methods  for  studying  the  per¬ 
formance  of  projectiles  and  guided 
missiles  are  those  based  on  various 
types  of  photographic  recording. 
Through  the  use  of  a  pair  or  more 
of  camera  stations  a  triangulation 
can  be  made  to  ascertain  the  posi¬ 
tion  of  the  “bird”  at  the  time  the 
picture  is  taken. 

It  is  apparent  that  any  difference 
in  the  times  at  which  exposures  are 
made  at  the  several  stations  will 
result  in  an  error  of  computed  posi¬ 
tion  roughly  proportional  to  the 
error  in  timing  and  the  velocity  of 
the  bird,  the  proportionality  being 
governed  by  the  geometry  of  the 
installation.  For  this  reason  it  was 
necessary  to  adopt  a  timing  system 
for  all  equipment  used  in  such  dy¬ 
namic  triangulation. 

InstrumentaHon 

The  major  instruments  concerned 
are  cine-theodolites,  which,  in 
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essence,  are  a  form  of  a  transit 
which  records  bearing-scale  read¬ 
ings  and  the  field  of  view  of  the  tele¬ 
scope  including  the  reference  cross 
hairs.  Many  such  theodolites  exist, 
with  varying  degrees  of  accuracy 
and  flexibility.  Inasmuch  as  these 
instruments  are  normally  tracked 
in  a  fairly  smooth  manner,  the  error 
in  position  determination  caused  by 
moderate  errors  in  timing  of  the 
recording  of  the  bird  in  relationship 
to  the  cross  hairs  will  not  be  seri¬ 
ous.  This  is  because  the  cross  hairs 
projected  in  space  must  travel  at 
about  the  same  rate  as  the  bird 
being  tracked  and  the  tracking 
errors  correspond  to  a  phase-shift 
type  error  which  slowly  oscillates, 
so  that  a  timing  error  of  several 
milliseconds  is  not  serious. 


where  A  St.  is  error  caused  in  record¬ 
ing  position  of  the  bird  relative  to 
the  cross  hair  by  a  timing  error  A  t, 
ds/dt  is  the  angular  rate  of  bird, 
dSo/dt  is  the  angular  rate  of  the 
cross  hair. 

A  necessary  condition  for  keeping 
the  bird  in  the  field  of  the  telescope 
is  that  ds„/dt  be  approximately 
equal  to  ds/dt. 

However,  the  same  timing  error 
applied  to  the  recording  of  the  bear¬ 
ing  scales  results  in  an  error  which 
is  directly  proportional  to  the  track¬ 
ing  rate  and  to  the  error  in  timing. 

A5,  =  ^  At  (2) 

where  A  Sb  is  bearing  error  caused 
by  timing  error  A  t 
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TIG.  2 — Block  diagram  oi  the  firing  unit.  Control  elgnali  are  tent  out  by  radio  to  receiving  triangulation  etatione. 
Warning  lireni  at  the  firing  groundi  are  actuated  and  the  main  firing  line  ie  open  circuited  until  the  safety  sequence 

is  complete 


of  Guided  Missiles 


Optical  methods  used  in  triangulating  on  projectiles  and  missiles  are  synchronized  by 
radio-links  from  a  central  timing  standard.  Complete  automatic  firing  system  including 
remote  three-camera  recording  station  is  described 


It  may  therefore  be  seen  that  the 
bearing  error  (ds/dt)  A  t  must  be 
made  as  small  as  is  feasible  by 
equipment  design  which  will  reduce 
At,  since  dsjdt  is  established  by 
the  flight  characteristics  of  the  mis¬ 
sile. 

It  is  this  type  of  error  that  has 
been  minimized  by  the  use  of  a 
central  timing  source  which  trans¬ 
mits  a  series  of  timing  pulses  to  the 
various  units  via  a  radio  link  sys¬ 
tem.  A  block  diagram,  Fig.  1, 
shows  elements  of  the  system. 

Camera  Equipment 

The  outputs  of  the  receivers  at 
the  various  stations  are  separated 
and  fed  through  cathode  followers 
to  the  individual  control  ampliflers, 
which  are  of  two  general  types.  One 


control  amplifler  operates  the  main 
field-camera  shutter,  recording  the 
position  of  the  bird  with  reference 
to  the  cross  hairs  of  the  instrument. 
The  second  type  is  a  pulse  amplifler 
for  operating  type  FT-14  Edgerton 
flashlamps  to  illuminate  the  bearing 
scales  and  thus  act  as  a  precisely 
timed  high-speed  shutter. 

The  main  fleld  shutter  controls 
are  of  two  types.  One  amplifler 
operates  the  solenoid-activated, 
louvre-type  shutter  of  the  pulse- 
operated  cameras,  while  the  second 
is  a  servo  amplifler  for  synchroniz¬ 
ing  and  phasing  the  main  fleld  drive 
of  the  more  usual  motion-picture 
camera.  An  additional  amplifler 
operates  a  counter  at  preset  inter¬ 
vals  to  mark  and  identify  the  vari¬ 
ous  frames  on  the  camera.  Thus  a 


given  record  will  indicate  exact  rela¬ 
tive  time  at  which  the  picture  was 
taken,  the  azimuth  and  elevation 
angles  of  the  optical  axis  of  the  tele¬ 
scope,  and  the  angular  position  of 
the  bird  relative  to  telescope  axis. 

Timing  Generator  and  Firing  Unit 

In  order  to  insure  the  safety  of 
all  personnel  concerned  in  the  firing 
of  ground-launched  missiles  a 
safety-interlock  system  is  neces¬ 
sary.  In  addition,  a  warning  is 
given  and  three  supplementary 
warning  horns  are  used  for  aural 
indication  of  the  approaching  firing. 
These  devices  are  controlled  by  a 
cam  system  contacting  snap-action 
switches  in  a  given  preset  order. 
This  .same  cam  system  can  be  used 
to  energize  camera  motors  when 
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FIG.  1 — ^Block  diagram  of  the  camera  eynchronixing  lystem  that  ii  triggered  when  the  proiectile  ie  fired.  The  camera 
station  is  common  to  two  or  more  receiring  locotions.  Position  of  the  missile  is  recorded  by  the  moTing  film  camera  by 

means  of  a  linkage  from  the  chronograph  camera 


Photographic  Tracking 


By  L.  M.  BIBERMAN,  S.  E.  DORSEY,  and  D.  L.  EWING 

U8N  Ordnance  Test  Station 
Inyokem,  Calif. 


PROBABLY  the  most  widely  used 
methods  for  studying  the  per¬ 
formance  of  projectiles  and  guided 
missiles  are  those  based  on  various 
types  of  photographic  recording. 
Through  the  use  of  a  pair  or  more 
of  camera  stations  a  triangulation 
can  be  made  to  ascertain  the  posi¬ 
tion  of  the  “bird”  at  the  time  the 
picture  is  taken. 

It  is  apparent  that  any  difference 
in  the  times  at  which  exposures  are 
made  at  the  several  stations  will 
result  in  an  error  of  computed  posi¬ 
tion  roughly  proportional  to  the 
error  in  timing  and  the  velocity  of 
the  bird,  the  proportionality  being 
governed  by  the  geometry  of  the 
installation.  F'or  this  reason  it  was 
necessary  to  adopt  a  timing  system 
for  all  equipment  used  in  such  dy¬ 
namic  triangulation. 

Instrumentation 

The  major  instruments  concerned 
are  cine-theodolites,  which,  in 


essence,  are  a  form  of  a  transit 
which  records  bearing-scale  read¬ 
ings  and  the  field  of  view  of  the  tele¬ 
scope  including  the  reference  cross 
hairs.  Many  such  theodolites  exist, 
with  varying  degrees  of  accuracy 
and  flexibility.  Inasmuch  as  these 
instruments  are  normally  tracked 
in  a  fairly  smooth  manner,  the  error 
in  position  determination  caused  by 
moderate  errors  in  timing  of  the 
recording  of  the  bird  in  relationship 
to  the  cross  hairs  will  not  be  seri¬ 
ous.  This  is  because  the  cross  hairs 
projected  in  space  must  travel  at 
about  the  same  rate  as  the  bird 
being  tracked  and  the  tracking 
errors  correspond  to  a  phase-shift 
type  error  which  slowly  oscillates, 
so  that  a  timing  error  of  several 
milliseconds  is  not  serious. 


where  A  S*  is  error  caused  in  record¬ 
ing  position  of  the  bird  relative  to 
the  cross  hair  by  a  timing  error  A  t, 
ds/dt  is  the  angular  rate  of  bird, 
dsjdt  is  the  angular  rate  of  the 
cross  hair. 

A  necessary  condition  for  keeping 
the  bird  in  the  field  of  the  telescope 
is  that  dsjdt  be  approximately 
equal  to  ds/dt. 

However,  the  same  timing  error 
applied  to  the  recording  of  the  bear¬ 
ing  scales  results  in  an  error  which 
is  directly  proportional  to  tha  track¬ 
ing  rate  and  to  the  error  in  timing. 

(2) 

where  A  Sb  is  bearing  error  caused 
by  timing  error  A  t 


92 


July,  /94«— ELECTRONICS 


FIG.  2 — Block  diagram  of  the  firing  unit.  Control  eignols  ore  sent  out  by  radio  to  receiring  triangulation  etationa. 
Warning  airena  at  the  firing  grounda  are  actuated  and  the  main  firing  line  ia  open  circuited  until  the  aafety  aeguence 

ia  complete 

of  Guided  Missiles 


Optical  methods  used  in  triangulating  on  projectiles  and  missiles  are  synchronized  hy 
radio-links  from  a  central  timing  standard.  Complete  automatic  firing  system  including 
remote  three-camera  recording  station  is  described 


It  may  therefore  be  seen  that  the 
bearing  error  (ds/dt)  A  t  must  be 
made  as  small  as  is  feasible  by 
equipment  design  which  will  reduce 
At,  since  ds„/dt  is  established  by 
the  flight  characteristics  of  the  mis¬ 
sile. 

It  is  this  type  of  error  that  has 
been  minimized  by  the  use  of  a 
central  timing  source  which  trans¬ 
mits  a  series  of  timing  pulses  to  the 
various  units  via  a  radio  link  sys¬ 
tem.  A  block  diagram,  Fig.  1, 
shows  elements  of  the  system. 

Camera  Equipment 

The  outputs  of  the  receivers  at 
the  various  stations  are  separated 
and  fed  through  cathode  followers 
to  the  individual  control  ampliflers, 
which  are  of  two  general  types.  One 


control  amplifier  operates  the  main 
field-camera  shutter,  recording  the 
position  of  the  bird  with  reference 
to  the  cross  hairs  of  the  instrument. 
The  second  type  is  a  pulse  amplifier 
for  operating  type  FT-14  Edgerton 
flashlamps  to  illuminate  the  bearing 
scales  and  thus  act  as  a  precisely 
timed  high-speed  shutter. 

The  main  field  shutter  controls 
are  of  two  types.  One  amplifier 
operates  the  solenoid-activated, 
louvre-type  shutter  of  the  pulse- 
operated  cameras,  while  the  second 
is  a  servo  amplifier  for  synchroniz¬ 
ing  and  phasing  the  main  field  drive 
of  the  more  usual  motion-picture 
camera.  An  additional  amplifier 
operates  a  counter  at  preset  inter¬ 
vals  to  mark  and  identify  the  vari¬ 
ous  frames  on  the  camera.  Thus  a 


given  record  will  indicate  exact  rela¬ 
tive  time  at  which  the  picture  was 
taken,  the  azimuth  and  elevation 
angles  of  the  optical  axis  of  the  tele¬ 
scope,  and  the  angular  position  of 
the  bird  relative  to  telescope  axis. 

Timing  Generator  and  Firing  Unit 

In  order  to  insure  the  safety  of 
all  personnel  concerned  in  the  firing 
of  ground-launched  missiles  a 
safety-interlock  system  is  neces¬ 
sary.  In  addition,  a  warning  is 
given  and  three  supplementary 
warning  horns  are  used  for  aural 
indication  of  the  approaching  firing. 
These  devices  are  controlled  by  a 
cam  system  contacting  snap-action 
switches  in  a  given  preset  order. 
This  same  cam  system  can  be  used 
to  energize  camera  motors  when 
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precise  timinj;  is  not  required. 

The  general  functions  of  the  unit 
are  shown  in  Fig.  2.  One  of  the 
switches  in  the  cam  firing  box,  on 
momentary  closure,  injects  an  elec¬ 
trical  impulse  through  the  First 
Warning  siren  circuit  into  the  grid 
of  the  first  thyratron)  causing  it  to. 
start  conduction.  Conduction  of 
this  thyratron  adjusts  the  voltages 
of  the  controlled  amplifier-square- 
wave  generator  so  that  it  amplifies 
and  clips  into  square  waves  the  60- 
cycle  signal  that  is  fed  into  its 
input.  These  square  waves,  fed 
into  the  3-to-l  frequency-divider 
circuit,  emerge  from  its  clipper- 
cathode  follower  output  as  20-cycle 
rectangular  positive  pulses,  with  the 
same  reference  level  of  voltage  (ad¬ 
justed  to  zero  volts)  after  the  pulses 
have  started  as  there  was  before. 
Another  output  of  the  3-to-l  fre¬ 
quency  divider  feeds  the  second  con¬ 
trolled  amplifier. 

Following  the  time  sequence  and 
the  diagram,  the  second  operation  is 
the  closure  of  the  switch  in  the  cam 
firing  box  which  applies  110- volt 
a-c  power  to  the  Second  Warning 
horn  input.  The  application  of 
power  at  this  input  actuates  a 
safety  relay,  causing  the  trans¬ 
former-rectifier  combination  to 
charge  the  80  microfarad  capacitor. 
It  is  the  later  discharge  of  this 
capacitor,  through  the  Strobotron, 
that  fires  the  projectile  at  the 
moment  that  the  controlling  impulse 
appears  on  the  Strobotron  grid. 

When  the  firing  of  the  round  is 
desired,  momentary  closure  of  the 
firing  switch  either  manually,  auto¬ 
matically,  or  both  in  the  cam  firing 
box  actuates  the  second  thyratron 
through  its  input  (Fire)  termi¬ 


nals,  causing  the  second  controlled 
amplifier  to  become  operative.  Then 
when  the  next  positive  rise  of  the 
20-cycle  output  occurs,  the  5-to-l 
frequency  divider  and  the  2-to-l 
frequency  dividers  operate  simul¬ 
taneously  to  give  the  first  pulse  on 
the  2-cycle  and  4-cycle  outputs. 
From  then  on,  until  the  reset 
switches  are  operated  to  stop  the 
counting  sequences,  the  positive 
rises  of  the  2-cycle  output  occur 
simultaneously  with  positive  rises 
of  the  4-cycle  output,  which  occur 
simultaneously  with  positive  rises 
of  the  20-cycle  output.  The  2-to-l 
frequency  divider  also  feeds 
through  a  decoupling  amplifier  to 
the  gi-id  of  the  Strobotron,  causing 
it  to  discharge- the  80-microfarad 
capacitor  through  the  squib  circuit 
at  the  moment  of  the  start  of  the  2- 
and  4-cycle  outputs. 

Phasing  Synchronous  Motor  Drive 

A  special  drive  system  was  de¬ 
signed  to  enable  operation  of  several 
Mitchell  chronographs  in  phase  at 
a  speed  of  20  frames  per  second. 
Essentially  this  unit  consists  of 
a  synchronous  motor  operating 
through  a  reduction-differential 
gear  system  with  an  output  of  1,200 
rpm.  The  output  shaft  carries  a 
one  segment  commutator  for  gener¬ 
ating  a  pulse  approximately  15  elec¬ 
trical  degrees  wide.  The  output  of 
the  servo  amplifier  described  below 
operates  a  reversible  series  motor 
which  varies  the  output  speed  from 
1,200  to  some  other  value  until  the 
pulse  from  the  commutator  is  in 
phase  with  the  reference  pulse  gen¬ 
erated  by  a  centrally  located  pulse 
generator.  When  the  pulses  are  in 
phase  owing  to  the  positioning  ac¬ 


tion  of  the  phasing  motor,  a  brake  is 
applied  to  lock  the  differential  shaft 
in  position.  From*  this  time  on  the 
phase  is  maintained  by  the  syn¬ 
chronous  motor  operating  at  con¬ 
stant  load.  If  a  power-load  change 
causes  a  line  phase  shift,  the  pha.s- 
ing  action  is  resumed. 

Servo  Amplifier 

The  basic  divisions  of  the  servo 
amplifier  are  shown  in  Fig.  3.  The 
input  signal,  composed  of  20-cycle 
rectangular  waves  transmitted  to 
the  device  from  the  generator  firing 
unit,  is  clipped,  amplified,  and  ap¬ 
plied  to  the  second  grid  of  the  dual¬ 
grid  mixer  tube  V„  and  passed 
through  an  inverter,  so  that  its 
reverse  is  injected  into  the  second 
grid  of  Vj.  Within  limits,  the  ratio 
of  length  of  positive  peaks  to  length 
of  negative  peaks  is  unimportant, 
as  will  be  explained  later.  Excita¬ 
tion  for  the  first  grids  of  Fj  and  Wt 
is  in  the  form  of  positive  pulses, 
generated  by  the  contactor  and  one- 
segment  commutator  mounted  on 
the  camera  driveshaft.  Since  the 
contactor  is  connected  through  a 
high  resistance  to  the  negative  bias 
supply  and  the  segment  is  grounded, 
intermittent  connection  between  the 
two  for  a  few  degrees  of  rotation 
creates  these  pulses. 

The  operation  of  the  remaining 
portion  of  the  amplifier  is  to  cause 
the  d-c  motor  to  hunt  for  a  phasing 
condition  such  that  the  center  of  the 
contactor  pulse  coincides  with  the 
positive  rise  of  the  input  signal. 
Figure  4  shows  graphically  the  vari¬ 
ous  conditions  imposed  upon  the 
mixer  tubes.  Where  the  pulse  lags, 
as  shown  in  condition  1,  it  is  im¬ 
pressed  on  the  first  grids  of  the 
mixer  tubes,  while  the  second  grid 
of  Fi  is  positive  and  that  of  Fj  is 
not  positive.  Since  the  second  grids 
of  these  tubes  must  be  positive  if 
the  tube  is  to  conduct,  F,  conducts 
for  the  duration  of  the  pulse  but  F* 
does  not  conduct  at  all.  Conduction 
in  the  tube  drops  its  plate  voltage, 
as  shown  in  the  diagram.  These 
pulses  are  averaged  out  by  the  filter 
circuit,  the  average  value  is  ampli¬ 
fied  by  the  d-c  amplifier,  and  the 
resulting  positive  rise  of  voltage  is 
imposed  on  the  grids  of  the  thyra- 
trons,  causing  them  to  conduct.  The 
output  of  these  thyratrons  is  con¬ 
nected  to  the  d-c  motor  in  such  a 
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manner  that  it  is  driven  in  the 
direction  which  will  correct  the 
phase  lag. 

In  condition  2,  just  the  opposite 
is  true:  the  contactor  pulse  leads 
the  positive  rise  of  the  input  signal, 
bringing  about  conduction  of  F,  in¬ 
stead  of  Fi.  The  result  is  a  positive 
rise  in  the  grid  voltage  of  the  lower 
thyratrons.  Conduction  of  these 
thyratrons  drives  the  motor  in  the 
direction  which  will  correct  the 
phase  lead. 

In  condition  3,  the  pulse  is  shown 
properly  in  phase  with  the  positive 
rise  of  the  input  signal.  The  first 
half  of  the  pulse  causes  conduction 
in  F„  the  second  half  in  F,.  The 
;  resulting  pulses,  after  being  inte- 
grated  by  the  filter  and  amplified  by 
the  d-c  amplifier,  produce  a  signal 
^  not  great  enough  to  appreciably 
;  affect  either  thyratron  circuit. 

;  Thus,  the  d-c  motor,  receiving  in- 
t  sufficient  current  to  be  driven,  is 
held  locked  by  its  brake  into  the 
^  proper  position  to  phase  the  drive 
i  of  the  camera  within  a  few  degrees. 

Power  and  Control 

In  the  block  diagram  (Fig.  2)  the 
plate  and  bias  supplies,  including 
the  circuits  necessary  to  bias  the 
thyratrons  properly,  are  not  shown. 
There  is  also  a  circuit  which  pre¬ 
vents  the  application  of  voltage  to 
the  thyratrons  and  the  synchronous 
motor  until  two  conditions  are  met. 
Sufficient  time  must  have  elapsed 
for  the  cathodes  of  the  thyratrons 
0  reach  operating  temperature  and 
here  must  be  a  signal  on  the  input 
f  the  unit. 

The  counter  relay  tube  (Fig.  1) 


contains  a  high-speed  counter  relay 
and  a  group  of  four  28- volt  lamps 
in  two  circuits,  each  made  up  of  two 
in  series,  and  physically  placed  to 
illuminate  the  counter  registers. 
This  tube  is  placed  so  that  the 
counter  is  photographed,  when 
illuminated,  by  the  chronograph  lens 
of  the  Mitchell  camera.  The  syn¬ 
chronization  of  film  and  lights  is 
described  below.  The  counter  relay 
amplifier  is  connected  to  the  radio 
timing  receiver  from  which  it  is  fed 
2-  or  4-cycle  pulses.  The  amplifier 
sends  out  three  pulses  simultane¬ 
ously,  one  to  the  counter  relay  and 
one  to  each  lamp  circuit.  Since  the 
chronograph  is  phased,  the  chrono¬ 
graph  lens  is  open  at  the  instant  of 
flashing  of  the  lamps.  After  the 
flashing  of  the  lamp  (owing  to  the 
small  delay  of  the  counter  mechan¬ 
ism)  the  counter  register  advances 
one  number,  thus  every  tenth  (or 
fifth)  frame  in  the  chronograph  is 
numbered  to  furnish  a  definite  ref¬ 
erence  for  the  film  assessor. 

The  synchro  dial  box  contains  five 
type  5F  servo  motors,  four  of  which 
are  tied  into  the  coarse  and  fine  ele¬ 
vation,  and  azimuth  synchro  gener¬ 
ators  in  the  Mk  51  Mod  3  director. 
The  synchro  motors  carry  engraved 
dials  mounted  behind  a  mask  to  aid 
in  assessing  data.  The  synchro 
dial  box  is  illuminated  by  two  FT-14 
Edgerton  lamps  powered  by  the 
flash-lamp  amplifier.  The  flash-lamp 
amplifier  is  triggered  by  20-cycle, 
4-cycle,  or  2-cycIe  pulses  from  the 
radio  timing  receiver.  As  a  result, 
three  recording  ratios  can  be  used : 
one,  five,  or  ten  frames  of  the  chono- 
•  graph  to  one  frame  of  the  dial  box 


camera,  mis  latiiuae  aiiows  ae- 
tailed  study  of  angular  rates  at  20 
fps  or  angular  positions  at  2  fps 
along  with  the  20  fps  chronograph 
record  for  study  of  round  perform¬ 
ance.  Such  a  system  allows  a  con¬ 
tinuous-record  film  to  be  used  for 
position  data  as  well. 

35-Mm  Master  Recorder 

Another  camera  is  designed  to 
serve  as  oscilloscope  recorder,  dial 
box  recorder,  operations  recorder, 
or  combination  dial  box  and  opera¬ 
tions  recorder.  This  instrument  is 
a  continuous-drive  35-mm  camera 
with  interchangeable  aperture 
plates  for  single  and  double-frame 
use.  The  aperture  plate  is  mounted 
in  a  lamp  house  containing  two  neon 
lamps,  each  located  behind  a  0.006 
in.  hole  centered  vertically  at  the 
edge  of  the  aperture  plate.  These 
lamps  can  be  used  to  record  as  a 
series  of  dots  on  the  edge  of  the  film 
the  operation  of  some  two  mechan¬ 
isms  connected  through  suitable 
amplifiers. 

The  Askania  theodolite  shutters 
are  pulsed  with  an  inherent  delay  of 
about  20  to  30  milliseconds  because 
of  mechanical  linkages.  The  normal 
bearing-scale  shutters  and  incan¬ 
descent  light  which  served  to  illum¬ 
inate  the  bearing  dials  and  expose 
them  to  the  film  at  the  proper  time 
have  been  removed.  In  their  stead 
is  a  flashlamp  installation,  which 
can  be  pulsed  with  resultant  bear¬ 
ing-scale  timing  errors  under  one 
hundred  microseconds. 
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TWO  significant  sources  of 
noise  are  associated  with  a 
radio  receiver.  One  is  made  up  of 
all  of  those  within  the  receiver 
itself,  such  as  shot  effect  and  parti¬ 
tion  noise.  The  other  source  is  the 
thermal  agitation  (Johnson)  noise 
supplied  by  the  resistive  component 
of  the  antenna  impedance.  The 
noise  figure*’*  of  a  receiver  is  de¬ 
fined  as  the  ratio  of  the  sum  of 
these  two  to  the  second,  or, 
r.  Pr  +  P. 

Pa  (1) 

where  P,  is  the  equivalent  noise 
power  output  of  the  receiver  re¬ 
ferred  back  to  its  input  terminals 
(that  part  in  excess  of  thermal 
noise),  and  P.  is  the  thermal  noise 
supplied  to  the  receiver  by  the 
antenna.  A  perfect  receiver  would 
have  Pr  equal  to  zero,  and  the  noise 
figure  would  be  unity.  This  defini¬ 
tion  is  not  very  explanatory;  the 
reader  should  see  the  first  two 
references  for  a  full  discussion  of 
the  subject. 

It  is  easy  to  calculate  P„  but  P, 
is  difficult  to  determine  directly. 
However,  the  sum  P,  -f-  P.  may  be 
determined  by  a  simple  expedient. 
The  noise  power  output  of  the 
receiver  is '  measured  when  a  re¬ 
sistance  P„  which  is  substituted 
for  the  antenna,  is  connected  across 
the  antenna  terminals.  Next,  a 
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temperature-limited  diode  is  con¬ 
nected  as  shown  in  Fig.  1  and  the 
direct  diode  current  I  is  adjusted 
by  varying  the  filament  tempera¬ 
ture  to  such  a  value  that  the  noise 
power  from  the  diode  doubles  the 
power  output  of  the  receiver. 

Under  these  conditions,  Pt  tod* 

Pr  +P„  and 

^’  =  (P,  +  P.)/  Pa  =  Pdiod./P.  (2) 

It  is  now  necessary  to  evaluate 
Pdiod.  and  P,.  The  rms  fluctuation 
current  from  a  temperature-limited 
diode  is* 

t*  =  3  18  X  (3) 

where  i  is  the  rms  fluctuation  cur¬ 
rent  in  amperes,  I  is  the  direct 
diode  current  in  amperes,  and  B 
is  the  bandwidth  in  cycles  per 
second.  If  the  input  resistance  of 
the  receiver  is  P,’  the  diode  sees  a 
load  resistance  R,R/R,+R,  and 
the  diode  delivers  to  the  receiver  a 
power 

Pdiod.  =  3  18  X  10-«/B 

(R.n/Ra  +  P)*  1/p  (4) 

A  resistance  will  develop  a 
thermal-agitation  voltage  across 
i  t  s  open-circuited  terminals 
e*  =  AKTR.B,  where  K  is  Boltz¬ 


mann’s  constant,  1.374  x  10" 
joules  per  degree  Kelvin,  T  is  the 
absolute  temperature  of  the  re¬ 
sistor  in  degrees  Kelvin,  and  B  is 
bandwidth  in  cycles  per  second.  It 
is  assumed  that  R,  is  constant  over 
this  frequency  band. 

The  resistor  will  deliver  a  power 
to  the  receiver 

AKTRoB  /  P  \ 

P„-l-P  V  P. +  P  /  (5) 

Substituting  Eq.  4  and  5  in  Eq.  2, 


For  a  temperature  T  =  289  degrees 
Kelvin,  19  C, 

F  201 R, 

Since  the  bandwidths  cancel, 
noise  figure  measurements  made  in 
this  manner  are  independent  of  the 
response  curve  of  the  receiver. 
Since  quantity  R,  the  input  resist¬ 
ance  of  the  receiver,  does  not  ap¬ 
pear,  the  measurements  are  not  in 
error  because  of  the  mismatch  be¬ 
tween  R,  and  R,  and  the  effects  of 
such  mismatch  on  noise  figure  can 
be  studied.  ' 

The  factor  R,  in  the  expression 
requires  some  attention.  A  temper¬ 
ature-limited  diode  should,  at  first 
glance,  appear  to  have  an  infinite 
a-c  plate  resistance.  However,  the 
work-function  of  the  filament  sur¬ 
face  depends  on  the  anode  voltage. 
The  result  is  that  emission  in- 
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FIG.  1 — ^Basic  circuit  ior  m*asar«ment 
of  noiso  figure  with  a  noiso  diode  I 


FIG.  2 — Schematic  diagram  of  the  diode  noise  gene^or.  The  receirer  connects 
to  points  A-A  normally,  to  B-B  if  d-c  isolation  is  required 


Diode  noise  generator  permits  simplified  procedure  in  the  measurement  of  noise  figures 
and  receiver  input  resistance. '  The  receiver  bandwidth  need  not  he  known  and  measure¬ 
ment  is  independent  of  the  response  curve  of  the  receiver 


creases  with  increased  anode  volt¬ 
age,  and  the  a-c  plate  resistance  be¬ 
comes  finite.  When  high  values 
of  R,  are  used,  the  plate  resistance 
must  be  considered  in  parallel 
with  it 

Resistance  R  must  have  the  de¬ 
sired  value,  and  must  remain  con¬ 
stant  over  the  frequency  range 
used.  At  the  higher  frequencies, 
the  use  of  film-type  resistors  is  de¬ 
sirable.*  It  has  been  found  by 
slotted-line  measurements  that  Al- 
len-Bradley  fixed  resistors  and 
Type  J  potentiometers  of  1,000 
ohms  or  less  resistance  are  suitable 
at  least  as  high  as  400  megacycles. 

Use  of  Diode  Generator 

It  was  stated  that  measurements 
are  made  by  noting  the  diode  cur¬ 
rent  necessary  to  double  the  output 
of  the  receiver.  Thus,  the  use  of  an 
output  meter  is  indicated.  How¬ 
ever,  calibration  is  usually  neces¬ 
sary  because  of  the  nonlinearity  of 
the  detector.  If  a  signal  generator 
is  available,  it  can  bo  used.  If  not, 
the  diode  generator  itself  will  serve 
the  purpose. 


The  noise  diode  and  R,  are  con¬ 
nected  to  the  receiver,  and  the  diode 
itself  is  turned  off.  The  r-f  gain 
control  of  the  receiver  is  turned 
down  until  the  output  meter  nearly 
indicates  zero.  Under  this  condition 
the  gain  is  so  low  that  the  noise 
power  from  the  receiver  and  from 
R,  can  be  neglected,  and  the  output 
power  of  the  receiver  will  then  be 
directly  proportional  to  7. 

The  diode  current  I  is  then  in¬ 
creased  until  some  convenient  out¬ 
put  reading — say  one  volt — is  ob¬ 
tained.  The  diode  current  I  is  then 
doubled,  and  the  output  reading  is 
noted.  If  the  detector  is  linear,  the 
reading  will  be  1.41  volts.  If  not, 
it  will  probably  be  higher — perhaps 
1.5  or  1.6  volts.  The  increase  from 
1  volt  to  the  higher  value  does  indi¬ 
cate  a  true  doubling  of  the  input 
power. 

If  the  receiver  has  an  a-f  or  video 
gain  control,  its  setting  must  not  be 
changed  after  this  calibration  is 
made,  since  it  is  necessary  that  the 
detector  operate  over  the  same  part 
of  its  characteristic.  It  may  be  nec¬ 
essary  to  use  a  high  value  of  R,  to 


obtain  sufilcient  input  to  the  re¬ 
ceiver  for  this  calibration. 

The  input  resistance  72  of  a  re¬ 
ceiver  can  be  measured  by  a  method 
given  by  A.  van  der  Ziel.’  A  some¬ 
what  simplified  version  of  his 
method  follows. 

The  noise  diode  is  connected  to 
the  receiver  input  terminals,  with 
the  diode  inoperative,  and  with 
72,  =  00.  The  receiver  gain  is  de¬ 
creased  until  the  output  indicator 
drops  nearly  to  zero.  The  diode  fila¬ 
ment  temperature  is  increased  un¬ 
til  a  current  7  is  obtained,  and  the 
output  reading  is  noted.  With  ref¬ 
erence  to  Eq.  3,  the  input  power  to 
the  receiver  is  given  by 

P  =  3.18  X  10-“/, BP 
Next,  a  finite  value  of  72.  is  used, 
and  the  diode  current  7  is  adjusted 
for  the  same  output  reading  as 
before.  It  will  be  necessary  to  use 
a  higher  value  of  7,  7„  because  part 
of  the  diode  power  output  is  ab¬ 
sorbed  by  72..  The  power  input  to 
the  receiver  is  given  by  Eq.  3,  and 
is  the  same  as  that  obtained  with 
7,  when  72.  =  oo.  Equating  the 
powers. 
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V  «.  +  A  / 

Solving  for  R, 


The  procedure  can  be  simplified 
if  It  =  4/,.  Then  R  =  R,.  In  mak¬ 
ing  the  measurement  in  this  man¬ 
ner,  an  output  reading  is  obtained 
for  a  diode  current  /.  The  diode 
current  is  then  increased  to  47,  and 
R,  is  decreased  to  give  the  same 
output  reading.  Detector  calibra¬ 
tion  is  unnecessary  for  this  test. 

Noise  Gonorotor  Dotign 

In  the  noise  generator  circuit  of 
Fig.  2  a  type  708A  triode  is  used 
as  a  diode,  the  control  grid  being 
used  as  the  anode.  The  plate  is  not 
connected.  The  708 A  was  chbsen 
because  it  has  high  grid-dissipa¬ 
tion  capabilities,  low  grid-filament 
capacity,  and  a  thoriated  tungsten 
filament  whose  temperature  re¬ 
sponds  rapidly  to  changes  in  ap¬ 
plied  voltage. 

Filament  voltage  is  controlled  by 
a  rheostat  /?,  which  is  used  to  set 
the  diode  current  7  to  the  desired 
value.  In  practice  it  may  be  nec¬ 
essary  to  measure  noise  figures  as 
high  as  60  with  values  of  R,  as  low 
as  50  ohms.  This  requires  direct 
diode  currents  as  high  as  50  milli- 
amperes.  The  meter  was  provided 
with  shunts  for  full-scale  currents 
of  50,  5,  and  0.5  milliamperes. 

The  tube  is  mounted  on  an  insu¬ 
lated  panel  with  terminals  for  R 
and  for  connection  to  the  receiver. 
Every  effort  has  been  made  to  keep 
the  output  capacitance  as  low  as 
possible  —  10u[xf  in  this  case.  At 
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FIG.  4 — Preampliiier  circuits  and  measurements 


frequencies  where  the  reactance  of 
this  capacitance  becomes  compar¬ 
able  to  R,  it  is  necessary  to  tune  it 
out  by  means  of  a  coil  or,  at  very 
high  frequencies,  a  Lecher  wire 
system. 

Figure  3  is  a  plot  of  R,  versus 
i,  for  the  708A.  It  can  be  seen  that 
R,  will  be  much  higher  than  R, 
under  almost  all  circumstances. 


The  input  resistance  was  meas¬ 
ured  by  two  independent  means  to 
provide  a  check  on  theory.  The 
noise  diode  gave  a  value  of  200 
ohms;  220  ohms  was  obtained  by 
substitution  with  a  signal  genera¬ 
tor. 

The  6J4  preamplifier  shown  in 
Fig.  4B  gave  a  minimum  noise  fig¬ 
ure  of  about  2.  This  is  not  quite  as 
good  as  the  6J6,  but  the  circuit  has 
the  important  advantages  that  the 
The  choice  of  a  diode  for  this  tuning  of  the  input  circuit  is  not 
use  is  a  difficult  one  because  almost  critical  and  neutralization  is  not 
all  small  diodes  made  in  this  coun-  required. 

try  have  oxide  cathodes  and  are  Input  resistances  of  140  ohms 
not  suitable.  It  is  to  be  hoped  that  and  130  ohms  were  obtained  with 

a  tube  designed  specifically  for  this  the  diode  and  signal  generator  re¬ 
application  will  be  manufactured,  spectively.  The  measurements  were 
A  small  diode  constructed  from  the  made  at  20  megacycles, 
plate  and  filament  of  a  316 A  door¬ 
knob  tube  and  mounted  in  a  tubu¬ 
lar  envelope  for  probe  use  should 
be  ideal  for  measurements,  at  least 
up  to  the  vhf  range. 

The  results  of  some  measure¬ 
ments  made  with  the  diode  noise 
generator  are  shown  in  Fig.  4A  and 
4B.  The  two  amplifier  circuits 
shown  were  used  as  preamplifiers 
for  a  Super-Pro  receiver.  The  push- 
pull  neutralized  6J6  gave  the  lowest 
noise  figure;  a  ratio  of  about  1.2. 

This  value  is  doubtful  to  about 
±0.2  because  of  the  external  noise 
pickup.  The  minimum  noise  figure 
was  obtained  with  a  value  of  R,  less 
than  the  input  resistance  R;  150 
ohms  as  compared  with  -200  ohms. 


Results 
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FIG.  3 — Plats  resistance  versus  plate 
current  for  the  708A  tube 
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New  electronic  circuits  for  medical  diagnosis  and  research  include  outline  wave-shape 
generator  that  produces  any  desired  waveform  when  its  shape  is  cut  from  cardboard  and 
placed  between  c-r  tube  and  multiplier  phototube.  Recording  circuits  are  also  discussed 


this  is  determined  by  the  shape  of 
the  mask.  The  output  of  the  photo¬ 
tube  is  approximately  10  volts  with 
a  750-volt  power  supply  and  a 
50,000-ohm  load  resistor. 

The  d-c  power  supply  used  con¬ 
sists  of  a  half-wave  rectifier  (2X 
2/879)  and  a  pi-section  filter  using 
two  2-iAf,  1,000- volt  paper  capacitors 
and  a  300-henry  audio  choke  with 
1,600-volt  insulation. 

The  light-sensitive  surface  of 
the  phototube  is  of  proper  size  so 
that  no  lens  system  is  necessary  to 
provide  uniform  output  for  a  given 
length  of  line  at  any  position  be¬ 
tween  the  fixed  end  points  of  the 
mask,  provided  the  distance  from 
the  screen  to  the  phototube  is  not 
less  than  eight  inches. 

The  output  of  the  phototube  may 
be  amplified  by  a  d-c  amplifier  and 
applied  to  the  organism,  as  desired. 
Examples  of  the  wave  shapes  ob¬ 
tainable  are  given  in  Fig.  2. 

The  frequency  so  obtained  is  lim- 


points  on  the  silhouette.  The  motion 
is  obtained  by  the  relaxation  oscil¬ 
lator  circuit  of  Fig.  2,  using  fixed 
break-down  point  and  a  double- 
thyratron  discharge  path  to  provide 
a  quick  return.  The  accuracy  of  the 
break-down  point  at  the  right  is  ob¬ 
tained  by  a  thyratron  so  biased  and 
connected  that  it  will  fire  when  the 
voltage  on  the  sweep  capacitor 
reaches  a  predetermined  point.  This 
sends  a  positive  pulse  into  the  grids 
of  the  parallel  sweep-actuating  thy- 
ratrons,  causing  them  to  fire. 

No  special  precautions  are  neces- 
.sary  to  provide  a  stable  end-point 
at  the  left  as  the  voltage  drop 
across  the  tube  and  the  deionization 
voltage  vary  only  slightly. 

An  RCA  931-A  or  similar  multi¬ 
plier  phototube  is  placed  about 

IN  biological  research  it  is  fre-  eight  inches  from  the  face  of  the 
quently  desirable  to  have  avail-  cathode-ray  tube.  The  amount  of 
able  a  source  of  stimulating  cur-  light  which  falls  on  the  phototube 

rent  of  unusual  wave-shape,  slope,  is  a  function  of  the  length  of  line 

and  frequency.  These  character-  which  it  sees  at  any  instant  and 
istics  are  usually  difficult  or  impos¬ 
sible  to  obtain  by  means  of  ordinary 
electronic  circuits. 

The  device  to  be  described  was 
designed  to  provide  either  single 
or  repetitive  stimuli  derived  from 
a  simple  silhouette  easily  cut  by 
following  any  desired  curve  drawn 
on  cardboard  or  similar  material. 

The  mask  so  obtained  is  placed  in 
contact  with  the  screen  of  a  cath¬ 
ode-ray  tube  having  a  short-per-  .. . . 

sistence  phosphor.  ^ 

The  block  diagram  of  this  vari-  ^  I 

able  wave  generator  is  shown  in  I 

Fig.  1.  The  beam  of  the  cathode-  I 

ray  tube  is  spread  vertically  into  a 

thin  line  by  a  radio-frequency  oscil-  H 

lator  connected  to  the  vertical  de- 

fleeting  plates.  The  line  thus  formed 

is  caused  to  move  from  left  to  . 

right  between  two  definite  end  ^^*^^*****Pfc^r 


WAVE  OUTPUT 


MULTIPLCP 

PHOTOTUBE 


vthooe-ray  tube 


MASK  CUT  TO 
DESIRED  WAVE 
SHAPE 


PHOTOTUBE 

POV«R 

SU^Y 


OSCILLATOR  ! 
POWER  SUPPLY 


FIG.  1 — Block  diagram  of  tyttem  ior  gen¬ 
erating  stimulating  current  whose  woTe- 
form  is  cut  out  frerr  cardboard  mask 
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FIG.  2 — Relaxation  oscillator  circuit  nsod  to  swssp  Tortical-lins  trace  across  cut-out  mask  at  desired  frequency  lor  generating 
medical  stimulating  current,  and  examples  oi  waTslorms  generated.  Lower  two  records  show  result  oi  Torying  sweep  rate 


ited  by  the  phosphor  decay  char¬ 
acteristics  (the  light  output  is 
down  to  10  percent  in  3.3  millisec¬ 
onds  with  an  RCA-11  phosphor). 
In  the  circuit  used  the  lowest  sweep 
frequency  is  about  1  in  10  seconds. 

Square-Wove  Stimulator 

For  purposes  of  diagnosis  in 
nerve  and  muscle  lesions  it  was  de¬ 
sired  to  have  available  a  square- 
wave  stimulus  with  accurately  pre¬ 
set  current  flow,  independent  of 
tissue  and  electrode  resistance,  and 
with  separate  adjustments  for 
length  of  stimulus  and  frequency  of 
stimuli.  The  latter  adjustment  ap¬ 
peared  preferable  to  varying  the  in¬ 
terval  between  stimuli.^ 

The  circuit  of  the  stimulator  is 
given  in  Fig.  3.  Here  T,  and  Tt 
are  connected  as  a  one-shot  multi¬ 
vibrator  with  r,  normally  fully  con¬ 
ducting  and  its  plate  thus  rela¬ 
tively  negative.  When  a  positive 
pulse  is  momentarily  applied  to  the 
grid  of  Tt  it  becomes  fully  conduct¬ 
ing,  and  Tt  is  cut  off.  Its  plate  then 
becomes  relatively  positive  for  a 
length  of  time  determined  by  the 
size  of  the  capacitor  selected  and 
by  the  2-megohm  resistor.  The 
time  in  seconds  is  approximately 
equal  to  the  value  of  tjbe  capacitor 
in  microfarads. 

The  plate  of  T,  is  connected  to 
the  grid  of  r„  the  bias  of  which  is 
varied  by  the  STRENGTH  control. 
In  the  normal  quiescent  condition 


T.  is  biased  beyond  cutoff,  so  little 
or  no  current  flows.  During  the 
stimulus  period  the  grid  is  less  neg¬ 
ative  and  current  will  flow,  the 
amount  depending  on  the  setting  of 
the  STRENGTH  control.  Because 
of  the  current-regulating  character¬ 
istics  of  T„  the  amount  of  resist¬ 
ance  in  the  patient  circuit  makes 
little  difference  between  0  and 
20,000  ohms. 

The  frequency  of  the  stimuli  is 
controlled  by  selecting  capacitors  in 
the  plate  circuit  of  T„  which  is  con¬ 
nected  as  a  relaxation  oscillator. 
Each  time  the  capacitor  discharges 
through  Ti,  a  positive  pulse  is  trans¬ 
mitted  to  the  grid  of  T,  by  the 
transformer  in  its  cathode  circuit. 
This  triggers  the  one-shot  multi¬ 
vibrator. 

The  frequency  per  second  is 
equal  to  1  divided  by  the  capaci¬ 
tance  in  microfarads.  Position  1  on 
the  frequency  control  switch  is  for 
a  single  pulse  provided  by  manual 
operation  of  the  pushbutton.  Be¬ 
cause  the  500,000-ohm  resistor  is 
connected  to  a  less  positive  point 
than  the  750,000-ohm  plate  resistor 
of  Tj,  the  0.1-(if  capacitor  will  not 
become  charged  to  the  breakdown 
point  of  Ti.  When  the  MANUAL 
pushbutt<m  is  pressed  the  bias  on 
Ti  is  momentarily  removed  for  a 
period  of  time  determined  by  the 
time  constant  of  the  resistor  and 
capacitor  in  the  grid  circuit  of  Ti. 
This  causes  the  tube  to  break  down 


and  provides  a  single  square  wave 
from  the  multivibrator. 

The  output  of  the  stimulator  may 
be  connected  either  to  a  test  re¬ 
sistor  or  to  the  patient.  The  ap¬ 
proximate  strength  stimulus  de¬ 
sired  is  usually  set  with  the  output 
connected  the  resistor  and  with 
a  long  square  wave  so  that  the 
meter  reading  may  be  adjusted 
easily. 

The  output  may  be  reversed  by 
the  reversing  switch,  so  that  either 
a  negative  or  positive  voltage  is 
supplied  to  the  active  stimulating 
electrode. 

In  some  cases  it  is  desirable  to 
surge  the  current  applied  to  the 
patient,  for  automatically  increas¬ 
ing  and  decreasing  the  stimulus.  If 
the  SURGE  switch  is  turned  on, 
the  screen  voltage  of  output  tube 
Tt  will  be  controlled  by  relaxation 
oscillator  Ti  through  cathode-fol¬ 
lower  amplifier  Tt. 

Physiological  Recording  System 

For  recording  circulatory  phe¬ 
nomena  in  man  it  was  desired  to 
have  a  system  capable  of  reproduc¬ 
ing  the  electrocardiogram,  the 
amount  of  blood  in  the  ear,  and  sev¬ 
eral  other  graphs  of  physiological 
functions.  The  electrocardiogram 
could  well  be  the  standard  1  cm  per 
millivolt  size  with  an  excursion  of 
about  2  cm,  but  an  excursion  of 
several  inches  was  necessary  in 
order  to  show  small  variations  in 
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ear  volume.  This  made  the  use  of 
a  beam  of  light  th«  method  of 
choice.  A  camera  using  12  or  18 
inch-paper  was  devised  in  collabora¬ 
tion  with  J.  S.  Hippie.* 

In  order  to  simplify  the  optical 
system  it  was  decided  to  use  a  gal¬ 
vanometer  with  a  large  mirror, 
eliminating  the  need  of  a  high-in- 
tensity  arc  or  incandescent  light. 
The  Sanborn  Cardiette  galvanom¬ 
eter  proved  to  be  satisfactory.  It 
had  a  mirror  approximately  1  inch 
in  diameter;  when  this  was  replaced 
by  a  Leeds  and  Northrop  mirror  of 
the  same  size,  with  a  working  dis¬ 
tance  of  1  meter,  galvanometer 
lenses  were  not  needed.  This  sim¬ 
plified  construction  and  eliminated 
loss  of  light  in  the  lenses. 

The  circuit  of  the  direct-coupled 
amplifier  used  is  shown  in  Fig.  4. 
This  amplifier  is  suitable  for  oper¬ 
ation  with  a  photoelectric  plethys- 
mograph  or  photoelectric  mem¬ 
brane-manometer.*-  *  The  amplifier 
is  extremely  stable  as  it  incorpo¬ 
rates  a  large  amount  of  cathode  de¬ 
generation.  The  operation  is  as 
follows :  the  input  grid  is  connected 
to  ground  by  means  of  switch  SW. 
The  gain  control  is  turned  to  maxi¬ 
mum  and  the  center  control  ad¬ 
justed  so  that  the  light  beam  is  re¬ 
turned  to  approximately  the  same 
position  it  occupied  before  the  am¬ 
plifier  was  turned  on.  The  gain  may 
next  be  reduced  and  the  grid  con¬ 
nected  to  the  input.  The  balance 
control  is  then  used  to  balance  the 
voltage  drop  in  the  phototube  load 
resistor  with  the  basal  amount  of 
light  falling  on  the  phototube.  This 
brings  the  light  spot  back  to  ap¬ 
proximately  the  same  position.  The 
gain  may  then  be  adjusted  so  that 
the  desired  defiection  is  obtained. 

Figure  5  shows  the  electrocardi¬ 
ograph  amplifier.  It  is  a  push-pull 
t5T)e,  adapted  to  work  with  the  San¬ 
born  galvanometer.  It  is  highly 
insensitive  to  a-c  interference  be¬ 
cause  of  the  large  amount  of  in- 
phase  degeneration  provided  by  the 
large  cathode  resistors. 
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FIG.  3 — Squore-wQTe  stimulator  circuit  providing  separata  adiustmenls  ior  length 
and  frequency  of  stimuli,  along  with  constant  preset  current  independent  of 
resistance  of  patient 
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FIG.  4 — Direct-coupled  amplifier  for  driving  recording  galvanometer  from  photo¬ 
tube  input 
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FIG.  5 — Circuit  of  push-pull  electrocardiograph  amplifier  adopted  to  work  with 
Sanborn  galvanometer 
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Und*r-chauii  rtow  of  the  otcilloicope  showing  proset  ompUfier  controls  (left  of  center)  and  spaced  leads  from 

front  terminals  to  deflector  plates 


Direct-Coupled 


The  requirements  of  modern 
servo  technique  and  electro¬ 
medical  work  call  for  the  exami¬ 
nation  of  very  low  frequencies.  The 
use  of  conventional  a-c  amplifiers 
involves  circuits  having  long  time  The  amplifiers  are  provided  with  a 
constants,  but  such  circuits  are  simple  link  by  means  of  which  the 
seriously  disturbed  by  transient  user  can  choose  whichever  condi- 
impulses,  which  cause  displacement  tion  he  wishes, 
of  the  image,  often  off  the  screen 
altogether,  for  periods  lasting 

several  seconds.  The  only  real 

solution  is  to  use  a  direct- 

coupled  system.  A  further  im¬ 

portant  requirement  in  a  modern 
oscilloscope  is  that  it  shall  be  able 
to  record  potential  differences  be¬ 
tween  two  points  in  a  network,  but 
should  disregard  fluctuations  in  the 
general  level  of  network  potential. 

The  instrument  to  be  described 
achieves  both  these  features  in  a 
practical  fashion.  The  system  is 
indeed  so  stable  that  it  is  not  neces¬ 
sary  to  use  stabilized  power  sup¬ 
plies.  Although  attention  was 
primarily  concentrated  on  the  low¬ 
er-frequency  requirements,  the  cir¬ 
cuits  were  found  to  be  effective  up 
to  comparatively  high  frequencies. 

In  the  design  of  the  finished  instru¬ 
ment,  therefore,  attention  was  paid 
to  constructional  details  and  layout 
in  such  a  manner  as  to  maintain 
the  frequency  response  substan¬ 
tially  uniform  up  to  1  me  or,  at  some 
sacrifice  of  sensitivity,  up  to  3  me. 


•  approximately  0.25  mm)  at  full 
brilliance  results  in  such  sharp 
traces  that  the  effectiveness  of  the 
display  is  better  than  on  many 
larger  diameter  screens. 

The  c-r  tube  sensitivity  permits 
a  high  amplifier  sensitivity  to  be 
obtained  with  a  maximum  gain  of 
only  700.  This  condition  results  in 
a  screen  deflection  of  1.5  mm  per 
mv  rms  input  to  the  amplifier.  The 
sensitivity  on  the  horizontal  ampli¬ 
fier  is  only  about  half  this  figure. 

The  focus  and  intensity  controls 
are  independent  and  the  focus  is 
sharp  over  the  whole  screen.  This 
effect  is  accomplished  by  the  man¬ 
ner  of  connecting  the  deflector 
plates  to  the  amplifying  net¬ 
work,  which  ensures  that  the 
mean  deflector  potential  is  the  same 
as  the  final  anode  voltage  of  the 
cathode-ray  tube.  This  require¬ 
ment  is  critical  and  provision  for 
adjustment  is  explained  later. 

The  two  amplifiers,  which  are 
identical  in  all  but  minor  particu¬ 
lars,  each  consist  of  three  pairs  of 
symmetrically  arranged  push-pull 
tubes.  The  basic  circuit  is  shown 
in  Fig.  1.  The  tubes  V,  and  V,  con¬ 
stitute  a  symmetrical  cathode  fol- 


Special  CRT 

The  instrument  uses  a  cathode- 
ray  tube  of  a  type  developed  for 
radar.  The  particular  tube  has  the 
merit  of  giving  a  brilliant  trace 
and  a  sharply  focussed  spot  with  an 
anode  voltage  of  only  1  kv.  Because 
of  this  relatively  low  anode  voltage 
the  sensitivity  of  the  tube  itself  is 
high.  Electrostatic  deflection  is 
used,  vertical  deflectors  having  a 
sensitivity  of  2.2  mm  per  v  while 
horizontal  deflectors  are  approxi¬ 
mately  half  this  sensitivity.  The 
screen  diameter  is  3.5  in.  with  a 
nearly  flat  face.  Four  standard 
types  of  screen  are  available;  blue 
trace  with  afterglow  approximately 
1  microsecond ;  green  trace  with 
afterglow  approximately  1  milli¬ 
second  ;  yellow  trace  with  afterglow 
approximately  6  seconds;  and  blue 
trace  with  yellow  afterglow  lasting 
approximately  20  seconds. 

Although  the  screen  diameter  is 
smaller  than  on  many  oscilloscopes 
the  extremely  small  spot  diameter 
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Side  view  oi  oscilloscope  showinq  X-<nnpliiier  suspended  from  shock  mounts.  An  identical  6-tube  ampliiler  is 

suspended  on  other  side  oi  chassis 


B+  line.  A  symmetrically-applied 
signal  ^;o  the  input  causes  circulat¬ 
ing  currents  around  the  network 
and  there  is  no  signal  cur¬ 
rent  either  in  the  high-voltage  line 
or  in  the  cathode  resistor.  The 
cathode  resistor  thus  has  no  effect 
on  the  amplification  for  symmetri¬ 
cal  signals,  but  to  any  asymmetrical 
signal  it  becomes  operative  and  in¬ 
troduces  heavy  negative  feedback; 
the  resulting  discrimination  in  the 
actual  amplifiers  is  of  the  order  of 
1,000  to  1  at  the  maximum  gain 
setting. 

A  similar  action  takes  place  in 
the  second  and  third  pair  of  tubes, 
though  advantage  of  the  symmetry 
here  is  more  in  the  avoidance  of 
signal  currents  in  the  B-i-  line, 
since  these  are  now  of  greater  mag¬ 
nitude.  Because  of  this  circuiting 
there  is  no  interaction  between  one 
stage  and  the  next  or  between  one 
amplifier  and  the  other  and  since, 
as  will  be  seen  later,  the  time  base 
is  operated  on  a  similar  principle, 
the  whole  instrument  can  be  fed 
from  a  common  power  supply  with¬ 
out  any  appreciable  interaction 
among  the  circuits. 

Since  the  whole  network  is  di¬ 
rectly  coupled  it  operates  from  zero 
frequency  upwards.  Small  cor¬ 
rector  chokes  are  included  in  the 
anode  circuit,  so  proportioned  as  to 
maintain  the  response  level  until 


Examination  of  low-frequency  phenomena  encountered  in 
servo  techniques  and  electromedical  work  requires  a  high- 
sensitivity  oscilloscope  employing  d-c  amplifiers.  Design 
considerations  are  given  for  a  portable  device  useful  in 
observation  of  waveforms  up  to  3  megacycles 
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lower  or  “long-tailed  pair”.  The 
anodes  of  the  tubes  are  directly 
coupled  to  the  grids  of  tubes  V,  and 
V*  which  ate  a  similar  long-tailed 
pair  arrangement,  and  these  anodes 
are  again  coupled  directly  through 
the  grids  of  the  final  pair,  which 
are  simple  separate  cathode- 
follower  stages,  the  voltage  across 
the  cathode  resistors  being  fed  di¬ 
rect  to  the  deflector  plates  of  the 
cathode-ray  tube. 


All  three  pairs  of  tubes  are  fed 
from  the  same  supply  line  but  the 
circuit  is  so  arranged  that  the  cath¬ 
odes  of  the  first  pair  are  at  a  low 
potential,  those  of  the  second  pair 
are  at  an  intermediate  potential, 
while  in  the  third  pair  the  whole  of 
the  signal  voltage  is  developed  in 
the  cathode  circuit,  there  being  no 
anode  resistor  in  either  tube. 

This  symmetrical  arrangement 
provides  not  only  the  discrimina¬ 
tion  previously  ment»ned  but  also 
contributes  to  the  stability  because 
there  is  no  signal  current  in  the 
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the  slider  of  potentiometer  Pi.  At 
the  midpoint  of  this  potentiometer, 
the  potential  applied  to  each  tube 
is  the  same,  but  as  the  slider  is 
moved  a  condition  of  unbalance  is 
introduced,  which  has  the  effect 
of  making:  one  anode  slightly  more 
positive  and  the  other  slightly  more 
negative.  This  unbalance  is  trans¬ 
ferred  through  the  next  two  pairs 
of  tubes  and  produces  a  shift  of  the 
spot  on  the  cathode-ray  tube  screen 
irrespective  of  any  movement 
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the  «cutolf  point  is  reached  after 
which  rapid  attenuation  sets  in. 

FMiicHonal  Controls 

Figure  2  shows  the  amplifier  net¬ 
work  in  greater  detail.  Variation 
in  the  sensitivity  of  the  amplifier 
is  accomplished  by  providing 
separate  cathode  resistors  for  the 
first  two  tubes  and  bridging  the 
cathodes  with  a  variable  resistance. 
When  this  resistance  is  zero,  so 
that  the  cathodes  are  connected  to¬ 
gether,  the  two  cathode  resistors 
operate  in  parallel  and  the  circuit 
is  effectively  the  same  as  that  of 
Fig.  1  and  develops  its  maximum 
gain.  Increasing  the  value  of  the 
gain  control  inserts  resistance  into 
the  circulating  anode  current  ring, 
the  voltage  drop  acting  to  oppose 
the  push-pull  component  of  the  in¬ 
put  signal  and  thus  reducing  the 
push-pull  sensitivity  of  the  stage. 
The  push-push  sensitivity  is  not 
affected  and  therefore  the  discrim¬ 
ination  tends  to  fall  off  as  the  gain 
is  reduced,  but  since  maximum  dis¬ 
crimination  is  required  at  maxi¬ 
mum  sensitivity  this  constitutes  no 
serious  disadvantage  in  actual 
practice. 

The  actual  voltage  on  the  anode 
of  the  tubes  Vi  and  V,  is  deter¬ 
mined  mainly  by  the  voltage  drop 
in  the  anode  resisters  Rt  and  R^. 
An  additional  source  of  voltage, 
however,  is  applied  to  these  two 
anodes  through  a  symmetrical  net¬ 
work  from  another  source,  actually 
taken  from  the  power  supply  unit  a 
little  earlier  in  the  smoothing 
chain.  This  voltage  is  fed  through 
buffer  resistors  having  a  high  value 
•  compared  with  the  anode  resistors, 
so  that  the  amplification  of  the  net¬ 
work  is  not  appreciably  affected. 
It  will  be  noted,  however,  that  the 
potential  is  actually  introduced  via 


nal.  A  smooth  and  wide  range  of* 
control  is  obtained  by  this  means, 
the  important  feature  being  that 
the  change  of  position  is  instan¬ 
taneous  so  that  the  location  of  the 
image  is  both  positive  and  rapid. 

Bandwidth  Adjuttment 

It  has  already  been  mentioned 
that  at  the  option  of  the  user  the 
frequency  response  can  be  varied 
from  1  to  3  me.  The  adjustment 
is  accomplished  in  the  second  pair 
of  tubes,  the  anode  resistors  for 
which  are  in  two  portions.  When 
both  portions  are  in  operation  the 
amplifier  maintains  its  response 
level  up  to  practically  1  me,  being 
actually  only  3  db  down  at  this 
frequency.  If  the  link  shown  in 
the  diagram  is  closed,  however,  the 
upper  portions  of  the  two  anode 
resistors  are  short-circuited  and 
only  the  lower  portions  are  effec¬ 
tive.  Under  these  conditions  the 
frequency  response  is  maintained 
up  to  3  me  but  the  gain  of  the  stage 
is  reduced  by  approximately  three 
times.  From  the  symmetry  of  the 
arrangement  it  will  be  seen  that  the 
link  short-circuits  two  points  at 
the  same  d-c  potential  so  that  no 
circulating  currents  result. 

Figure  3  shows  the  performance 
of  the  amplifier  with  the  link  in  the 
3  me  position.  It  will  be  observed 
that  the  response  is  completely  uni¬ 
form  from  zero  up  to  a  frequency 
very  close  to  the  cutoff  frequency, 
after  which  rapid  attenuation  oc¬ 
curs.  There  is  no  phase  shift  in 
the  lower  frequency  portions  but 
some  phase  shift  becomes  notice¬ 
able  a  little  above  500  kc  and  the 
phase  angle  is  approximately  75 
deg  at  3  me.  Because  of  this 
phase  shift  at  the  limiting  fre¬ 
quency  the  locus  of  the  operating 


"point  on  the  tube  characteristics 
at  this  point  is  na  longer  a  straight 
line  but  is  an  ellipse  of  fairly  large 
eccentricity.  Consequently  the 
volt-ampere  requirements  are  con¬ 
siderably  greater  than  at  the  lower 
frequencies  where  there  is  no  phase 
shift. 

Because  of  this  fact  it  is  not  pos¬ 
sible  to  develop  the  ftfll  screen  de¬ 
flection  at  the  highest  frequencies 
and  at  3  me  the  maximum  deflec¬ 
tion  obtainable  is  a  little  over  2 
cm.  The  position  rapidly  improves 
as  the  frequency  is  reduced.  About 
double  this  deflection  is  available  at 
1.5  me  and  at  a  little  under  1  me  the 
full  screen  can  be  filled.  While  this 
limitation  might  appear  serious,  in 
practice  the  need  for  a  good  high- 
frequency  response  is  determined 
mainly  by  the  need  to  handle  the 
harmonics  of  a  fundamental  oper¬ 
ating  on  a  much  lower  frequency. 
The  relative  strength  of  these  har¬ 
monics  will,  in  any  case,  be  small 
so  that  not  more  than  about  10  per¬ 
cent  of  the  screen  will  be  required. 
Actually,  approximately  25  percent 
of  the  screen  can  be  filled  even  at 
the  highest  frequency  and  this 
amount  is  considered  satisfactory* 

Current-Forcing  Circuit 

In  order  to  obtain  the  discrim¬ 
ination  required  in  the  input  stage 
it  is  necessary  that  the  cathode  re¬ 
sistors  of  Fi  and  V,  shall  be  of  high 
value.  This  would  normally  result 
in  the  cathode  potential  being  ap¬ 
preciably  positive  to  ground,  so 
that  if  the  grids  on  the  first  stage 
are  operating  near  ground  poten- 
•  tial  they  would  be  so  negative  with 
respect  to  the  cathode  as  to  reduce 
seriously  the  effective  conductance 
of  the  tubes  Vj  and  F,.  It  is,  there¬ 
fore,  necessary  to  maintain  the 


which  is  being  produced  by  the  sig- 


FIG.  1 — Simplified  achematic  diagram  of  direct-coupled  amplifier  atages 
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FIG.  2 — Dstailed  circuit  schematic  c*  direct-coupled  ampliiier  showing  controls 


anode  current  through  and  F, 
at  a  suitable  value,  and  in  order  to 
accomplish  this  current  is  forced 
through  the  cathode  resistors  from 
a  negative  source  of  current.  This 
tupply  is  effectively  a  constant- 
current  supply  and  forces  into  the 
network  a  current  which  divides 
equally  through  the  two  cathode  re¬ 
sistors.  The  current  is  actually  fed 
through  the  slider  of  a  potentiom¬ 
eter,  When  the  instrument  is  set 
up  the  slider  is  adjusted  until  the 
potential  of  the  two  cathodes,  with 
the  gain  control  at  the  maximum 
resistance,  is  equal.  Without  this 
adjustment  operation  of  the  gain 
control  would  produce  a  disturb¬ 
ance  in  the  datum  anode  current 
that  would  be  indistinguishable 
from  a  genuine  signal. 

To  maintain  sharp  focus  and 
freedom  from  astigmatism  the  final 
anode  of  the  the  cathode-ray  tube 
must  be  at  the  same  potential  as  the 
mean  potential  of  both  pairs  of  de¬ 
flector  plates.  To  achieve  this  con¬ 
dition  the  final  anode  of  the  cath¬ 
ode-ray  tube  is  not  solidly  grounded 
but  is  connected  to  each  of  the  four 
deflector  plates  through  four  equal 
resistors  of  0.1  megohm  as  shown 
in  Fig.  4.  The  mean  outputs  of 
the  two  amplifiers  are  then  equated 
by  appropriate  adjustment  of  the 
anode  current  of  the  second  stage 
in  the  amplifier  at  P«.  (Fig.  2). 
This  adjustment  is  necessary  on 
but  one  amplifier  and  is  therefore 
incorporated  in  the  horizontal 
amplifier  only. 

Time  Base 

A  symmetrical  construction  is 
adopted  in  the  time  base  which  is 
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FREQUENCY  IN  MC 


FIG.  3 — Frequenqf  response  and  phase 
angle  of  ampliiier  wiUi  link  adjusted  for 
3-mc  bond 

shown  in  simplified  form  in  Fig.  5. 
The  capacitor  C  is  charged  through 
the  pentode  tube  F„  Across  the 
capacitor  is  the  discharge  tube  F,, 
the  grid  of  which  is  held  at  a  poten¬ 
tial  determined  by  the  network  B, 
F,  and  D.  When  the  capacitor  C 
is  discharged,  the  cathode  of  Ft 
is  near  the  B-f  potential  so  that  the 
grid  of  the  tube  is  considerably 
negative  with  respect  to  the  cath¬ 
ode  and  the  tube  is  non-conducting. 
As  the  capacitor  charges  up,  the 
cathode  potential  falls  until  it  be¬ 
comes  only  slightly  positive  with 
respect  to  the  grid  and  the  tube 
commences  to  conduct.  As  soon  as 
current  flows  in  this  circuit  a  poten¬ 
tial  is  developed  across  A  which 
reduces  the  screen  potential  of 
Fo,  causing  a  rise  in  anode  potential 
which  makes  the  grid  of  Ft  more 
positive.  This  change  increases  the 
conductance  of' Ft  so  that  the  dis¬ 
charge  is  accelerated  and  a  rapid 
flyback  is  obtained. 

The  action  of  F,  and  F,  results 
in  an  effective  transfer  of  the  cath¬ 
ode  current  of  F,  from  the  anode  to 
the  screen  so  that  the  total  drain 
from  the  supply  line  remains  con¬ 


stant.  This  is  an  important  feature 
since  it  not  only  avoids  interaction 
between  the  time  base  and  the 
amplifiers  but  it  also  renders  the 
operation  of  the  time-base  circuit 
independent  of  the  time-constant  of 
the  high  voltage  supply  line.  Be¬ 
cause  of  this  condition  the  circuit 
continues  to  function  satisfactorily 
down  to  indefinitely  low  frequen¬ 
cies.  Capacitor  C  is  actually  a 
series  of  eight  of  gradually  increas¬ 
ing  value  in  order  to  give  discrete 
ranges  of  frequency,  and  for  the 
sake  of  reasonable  portability  the 
largest  capapitor  is  such  as  to  pro¬ 
vide  a  minimum  sweep  frequency 
of  2  cps.  A  two-pin  socket  is  pro¬ 
vided,  however,  to  make  the  time- 
base  voltage  available  externally, 
or  for  single-sweep  operation  as  ex¬ 
plained  below.  Additional  capaci¬ 
tors  can  be  added  across  the  socket 
to  extend  the  time  base  frequency 
downwards  to  at  least  to  0.2  cps. 

Fine  control  of  the  frequency  is 
obtained  by  varying  the  current 
through  the  pentode  tube  F*  via  the 
grid  potential.  The  voltage  across 
the  time-base  capacitor  is  trans¬ 
ferred  through  a  high-resistance 
potentiometer  to  the  input  of  the 
horizontal  amplifier.  This  arrange¬ 
ment  permits  the  width  of  the  scan 
on  the  cathode-ray  tube  screen  to 
be  varied  from  about  one  half  to 
five  screen  diameters.  The  highest 
time-base  frequency  is  150  kc  and 
since  the  horizontal  amplifier  fre¬ 
quency  response  extends  to  at  least 
ten  times  this  value  the  saw-tooth 
waveform  is  satisfactorily  main¬ 
tained  throughout  the  full  fre¬ 
quency  range.  The  potentiometer 
is  compensated  for  stray  capaci¬ 
tances  so  that  the  correct  ratio  is 
maintained  throughout  the  full  fre¬ 
quency  range.  To  offset  the  d-c 
component  of  the  time  base  signal 
the  other  X-amplifier  input  termi¬ 
nal  is  supplied  with  a  steady  vol¬ 
tage  adjusted  by  the  potentiometer 
Pi  to  equal  the  mean  d-c  value  of 
the  signal. 

Synchronism 

The  synchronism  is  automatic. 
Synchronizing  signals  are  applied 
through  the  tube  F,#  to  the  grid  of 
tube  Vf.  These  signals  control  the 
current  of  F,  and  hence  the  grid 
potential  of  F,.  A  positive  syn¬ 
chronizing  impulse  will  thus  drive 
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FIG.  4 — Gan  and  dailcctor  plat*  hookup 


FIG.  5 — Simpliiied  schematic  diagram  of  time  base  generator 


the  grid  of  positive  and  initiate 
the  discharge. 

The  pulse  of  current  through 
does  produce  some  slight  modu¬ 
lation  of  the  high  voltage  line  but 
this  is  limited  by  the  rectifier  net¬ 
work  in  the  bottom  half  of  the 
potentiometer  which  transfers  the 
voltage  from  V,,  to  y„  and  also  by 
the  inclusion  of  a  high  value  of  re¬ 
sistance  in  the  cathode.  As  a  re¬ 
sult,  the  current  of  V,*  is,  in  prac¬ 
tice,  substantially  constant. 

The  main  function  of  the  two 
rectifiers  just  mentioned,  however, 
is  to  limit  the  synchronizing  pulse 
to  a  suitable  value.  The  resistors 
Rt  and  Rt  are  so  chosen  that  for 
small  signals  the  rectifiers  are  of 
relatively  high  resistance.  As  the 
voltage  on  /?«  rises,  however,  the 
rectifiers  begin  to  conduct  and  thus 
to  shunt  the  bottom  half  of  the 
potentiometer  and  limit  the  voltage 
applied  to  V,.  It  is  thus  not  possi¬ 
ble  to  produce  over-synchronism 
with  consequent  shortening  of  the 
time-base  sweep.  This  feature  is 
valuable  in  practice  because  with 
conventional  methods  a  change  in 
amplitude  of  the  signal  under  ex¬ 
amination  causes  a  change  in  the 
point  at  which  the  time  base  trig¬ 
gers,  with  consequent  unsteadiness 
of  the  image.  With  the  present 
arrangement  the  image  remains 
quite  steady,  irrespective  of  the 
changes  of  amplitude  and  the  ar¬ 
rangement  is  so  successful  in  prac¬ 
tice  that  no  synchronizing  control 
is  provided.  It  is  merely  necessary 
to  apply  to  the  sync  terminal  a 
signal  either  from  the  output  of  the 
vertical  amplifier  or  direct  from 
some  part  of  the  circuit  under 
examination. 


The  negative  pulse  developed 
across  A  is  brought  to  a  terminal 
at  the  rear’  of  the  instrument  and 
may  be  connected  to  the  modulator 
grid  on  the  cathode-ray  tube,  if  de¬ 
sired.  In  this  condition  the  spot  is 
blacked  out  during  the  flyback. 

Constructional  Features 

The  power  supplies  and  time- 
base  components  are  mounted  on 
the  main  chassis  while  the  two 
amplifiers,  which  are  assembled  as 
separate  '  units,  are  mounted  in 
antivibration  mountings  on  either 
side  of  the  cathode-ray  tube.  All 
main  controls  are  available  on  the 
front  panel.  The  four  deflector 
plates  are  connected  to  terminals 
along  the  bottom  of  the  front  panel 
and  four  switches  immediately 
above  permit  each  plate  individu¬ 
ally  to  be  connected  to  ground,  to 
the  terminal  either  directly  or 
through  a  capacitor,  or  to  the  out¬ 
put  of  the  appropriate  amplifier. 
The  leads  to  the  deflector  plates  are 
spaced  from  each  other  and  from 
the  chassis  in  order  to  reduce  the 
stray  capacitance.  Where  mini¬ 
mum  plate  capacitance  is  essential, 
however,  connections  can  be  made 
to  four  terminals  at  the  back  of 
the  instrument.  These  terminals 
are  normally  strapped  to  adjacent 
terminals  connected  to  the  front 
terminals  but  by  opening  the  links 
the  additional  capacitance  of  the 
wiring  is  removed.  The  gun  and 
modulator  electrodes  are  also  ac¬ 
cessible  at  the  rear,  together  with 
the  pulse  output  for  flyback  sup¬ 
pression. 

Symmetrical  input  is  provided  on 
each  amplifier  with  a  ground  termi¬ 
nal  in  between  and  each  input  is 


provided  with  a  multiposition 
switch.  This  switch  allows  direct 
connection ;  direct  connection 
through  a  resistance  attenuator 
that  reduces  the  sensitivity  ap¬ 
proximately  fourteen  times ;  and 
direct  or  attenuator  connections  in¬ 
cluding  an  isolating  capacitor  of 
0.1  microfarad  with  1.2  megohms 
to  ground. 

The  horizontal  amplifier  switch¬ 
ing  has  two  additional  positions. 
The  first  of  these  connects  the 
amplifier  input  to  the  time  base 
while  the  second  is  for  single¬ 
sweep  operation,  the  time  base  still 
being  connected  but  the  discharge 
tube  rendered  inoperative. 

The  single  sweep  referred  to  is 
not  electronic  in  character.  The 
time-base  controls  are  set  to  oper¬ 
ate  at  the  required  sweep  speed  and 
the  time-base  terminals  are  then 
short-circuited  externally.  On  re¬ 
moval  of  the  short-circuit  the  spot 
will  sweep  across  the  screen  and  will 
stay  in  its  final  position  until  re¬ 
stored  by  re-imposing  the  short-cir¬ 
cuit  across  the  capacitor.  The  d-c 
positioning  of  the  spot  and  the  gain 
control  of  the  horizontal  amplifier 
can  be  manipulated  to  include  the 
whole  of  the  sweep  on  the  screen  or 
any  portions  thereof.  The  internal 
time  base  is  rendered  inoperative 
when  the  amplifier  is  connected  for 
external  signals. 

A  graticule  with  millimeter  rul¬ 
ings  is  located  in  front  of  the  tube 
face,  being  held  in  position  by  a 
cover  plate  which  incorporates  a 
telescopic  light  shield.  This  cover 
plate  can  be  removed  completely 
and  replaced  by  a  camera,  either 
for  single  shots  or  for  continuous 
recording. 
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FIG.  2 — Phaae^ontrol  circuit  with  vacuum 
tubes  at  the  variable  parameter 


FIG.  I — Basic  phase-control  circuit  using  a 
single  thyrotron  tube 


FIG.  3 — Reactance-tube  phase-control  cir¬ 
cuit  that  eliminates  the  transformer 
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Principles  of  operation,  characteristics,  applications  and  relative  merits  of  several  elec¬ 
tronic  circuits  for  controlling  a  large  direct  current  by  means  of  a  small  change  of  voltage 
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Need  occasionally  arises  for  a 
device  to  control  a  relatively 
large  direct  current  by  a  small 
change  of  direct  voltage.  This  re¬ 
sult  can  be  accomplished  by  incor¬ 
porating  one  or  more  high-vacuum 
tubes  in  a  thyratron  phase-control 
circuit,  as  first  suggested  by  Baker, 
Fitzgerald,  and  Whitney.' 

Figure  1  shows  the  basic  form  of 
a  commonly  used  phase-control  cir¬ 
cuit,  in  which  the  average  anode 
current  of  the  thyratron  can  be 
varied  gradually  from  zero  to  its 
maximum  value  by  changing  the 
value  of  C  or  R  and  thus  varying 
the  phase  of  the  grid  voltage  rela¬ 
tive  to  the  anode  voltage.*  The  cir¬ 
cuit  can  be  controlled  by  means  of 
direct  voltage  if  the  resistor  R  is 
replaced  by  two  high-vacuum  tri- 
odes,  connected  to  the  circuit 
through  a  transformer,  as  shown  in 
Fig.  2. 


A  circuit  of  the  form  of  Fig.  2 
transfers  the  dynamic  plate  resist¬ 
ance  of  a  vacuum  tube  into  the 
phase-control  circuit,  and  the  mag¬ 
nitude  of  the  transferred  resistance 
is  varied  by  adjusting  the  direct 
bias  on  the  control  tube.  The  vector 
diagram  for  this  type  of  phase-con¬ 
trol  circuit  is  slightly  different 
from  that  of  the  basic  circuit  of 
Fig.  1  because  of  the  fact  that  the 
power  factor  of  the  varying  param¬ 
eter,  as  well  as  its  magnitude, 
changes. 

When  the  control  tube  is  biased 
beyond  cutoff,  the  inductance  of  the 
primary  of  the  coupling  tran.sfor- 
mer  T,  appears  in  the  phase-control 
circuit. 

At  the  other  extreme,  and  with 
zero  bias  on  the  control  tube,  a  rela¬ 
tively  low  resistance  is  transferred 
into  the  phase-control  circuit.  This 
situation  is  also  complicated  by  the 


leakage  reactance  and  internal  re¬ 
sistance  of  the  transformer.  Thus, 
the  vector  diagram  will  not  be  of 
the  circle  type,  as  it  is  in  the  circuit 
of  Fig.  1,  in  which  the  effective 
value  of  the  alternating  grid  volt¬ 
age  is  constant.  This  constant  value 
is  not  a  necessary  condition,  how¬ 
ever,  as  long  as  the  smallest  value 
of  the  peak  of  the  wave  is  always 
considerably  larger  than  the  crit¬ 
ical  grid  voltage  for  the  tube  at  the 
particular  value  of  plate  voltage 
used. 


Range  of  Control 

Control  over  almost  180  degrees 
may  be  gained  by  careful  adjust¬ 
ment  of  circuit  constants.  It  is  ad¬ 
visable  to  adjust  Cl  and  C,  by  using 
decade  capacitors.  The  main  disad¬ 
vantage  of  this  circuit  is  that  an 
expensive  interstage  transformer 
seems  to  be  necessary  to  insure  the 
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FIG.  4 — Circuit  for  phase  control  with  direct  Toltage.  Transformer  Ti  is  a  Stancor 
A-63C,  and  T,  is  a  Thoidarson  T-33A91.  Internal  resistance  Hi  is  75  ohms.  Vector 
relations  and  control  characteristics  are  included 


desired  change  in  effective  trans-  quires  a  d-c  supply  for  the  reactance 
ferred  impedance  for  gradual  con-  tube, 
trol  over  the  complete  180  degrees  *  n  tw  It 

of  positive  thyratron  plate  voltage.  **  e 

Moreover,  when  bias  is  zero,  the 
resistance  of  the  6SC7  control  tube 
is  not  so  low  as  might  be  expected, 
because  under  this  condition  the 
alternating  voltage  fed  into  the 
6SC7  plate  circuit  is  low  and  thus 
the  region  of  operation  on  the  plate 
characteristic  is  such  as  not  to 
favor  low  dynamic  plate  resistance. 

If  on-oflf  control*  is  desired,  the 
choice  of  coupling  transformers  is 
not  at  all  critical. 

The  need  for  an  expensive  cou¬ 
pling  transformer  could  be  avoided 
by  using  the  reactance-tube  circuit 
shown  in  Fig.  3.  In  this  circuit  the 
6F6  is  operated  in  such  a  manner 
that  it  presents  a  capacitive  reac¬ 
tance  across  points  A  and  B.  The 
shunt  conductance  is  reduced  to 
zero  by  proper  choice  of  R  and  C. 

This  circuit  gave  about  90  degrees 
of  control  of  FG-57  current  as  a 
function  of  6F6  control-grid  bias. 

The  main  difficulty  seemed  to  lie 
in  the  fact  that  the  alternating 
voltage  fed  into  the  reactance-tube 
circuit  from  the  phase-control  cir¬ 
cuit  varied  considerably  in  magni¬ 
tude  and  also  was  hard  to  keep 
undistorted.  This  circuit  has  the 
additional  disadvantage  that  it  re- 


The  need  of  the  expensive  cou¬ 
pling  transformer  in  the  circuit  of 
Fig.  2,  or  of  the  d-c  power  supply 
in  that  of  Fig.  3,  was  avoided  by 
using  the  network  and  circuit  of 
Fig.  4,  Here  the  quality  of  the  thy¬ 
ratron  grid  transformer  T,  is  not 
important.  Even  the  least  expensive 
of  the  transformers  tried  worked 
well.  It  is  desirable,  however,  that 
the  transformer  present  as  high  an 
impedance  as  possible  to  the  net¬ 
work  and  still  provide  a  satisfactory 
magnitude  of  voltage  to  the  thyra¬ 
tron  grid.  The  transformer  Ti  be¬ 
tween  the  network  and  the  6N7  con¬ 
trol  tube  is  not  at  all  critical. 

The  operation  of  the  circuit  de¬ 
pends  on  the  fact  that  the  potential 
of  point  E,  with  respect  to  point  A, 
moves  as  shown  in  the  vector  dia¬ 
gram  as  the  6N7  bias  is  varied.  If 
the  values  of  i?„  Ej,  L,  and  Ci  are 
adjusted  in  such  a  manner  that  the 
potential  of  point  B  lies  as  shown 
in  the  vector  diagram,  the  voltage 
Vbb  will  swing  more  than  180  de¬ 
grees.  This  voltage  is  fed  into  the 
thyratron  circuit  through  the  thy- 
tron  grid  transformer. 

It  may  be  necessary  to  reverse 
the  secondary  leads  of  T,  to  obtain 


the  proper  phase  relationship  for 
gradual  control.  In  order  to  avoid 
erratic  operation,  care  must  be 
taken  in  locating  point  B  so  that 
the  voltage  Vbm  /ioes  not  undergo 
extreme  amplitude  changes  in  ad¬ 
dition  to  the  phase  shift  discussed 
above.  It  should  be  noted  that  the 
voltage  V am  that  is  fed  into  the  6N7 
plate  circuit  does'  not  become  ex¬ 
tremely  small  as  Eo  is  reduced  to 
^ero. 

Control  characteristics  are  also 
shown  in  Fig.  4. 


Wider  Range 

Bancroft*  describes  a  method  of 
obtaining  control  over  90  degrees 
of  the  plate  voltage  cycle  by  adding 
an  alternating  voltage,  whose  mag¬ 
nitude  can  be  controlled,  to  a  fixed 
alternating  voltage  which  has  a  90- 
degree  relationship  to  the  variable 


FIG.  5 — Control  is  efiected  by  changing 
the  amplitude  oi  an  alternating  Toltage 
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voltage.  Thus  the  resultant  voltage 
varies  essentially  90  degrees  in 
phase  as  the  magnitude  of  the  vari¬ 
able  voltage  is  raised  from  zero  to 
a  value  considerably  larger  than  the 
fixed  voltage.  An  extension  of  this 
method  allows  control  over  180  de¬ 
grees  or,  if  two  thyratrons  are 
used,  over  360  degrees. 

Figure  5  shows  the  basic  circuit 
and  the  manner  in  which  the  phase 
of  the  grid  voltage  varies.  The 
voltage  Vad  must  keep  the  thyra¬ 
tron  from  firing  when  V  DB  is  zero 
and  must  have  enough  vertical  com¬ 
ponent  to  prevent  erratic  behavior 
when  Vab  has  its  minimum  effective 
value.  The  vector  diagram  shows 
that  the  alternating  grid  voltage 
Vab  swings  from  almost  180  de¬ 
grees  lagging  to  almost  an  in-phase 
position  with  respect  to  a  horizontal 
reference.  Control  over  the  com¬ 
plete  180  degrees  of  positive  half 
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three  milliamperes  of  6N7  grid  cur¬ 
rent  is  not  objectionable. 

Magnetron  Flux  Control 

During  a  recent  investigation  it 
became  desirable  to  limit  surges  in 
magnetron  plate  current  and  to  con¬ 
trol  backheating.  In  this  applica¬ 
tion,  the  drop  across  a  resistor  in 
the  magnetron  plate  circuit  serves 
as  the  bias  on  the  control  tube, 
which  in  turn  shifts  the  phase  of 
the  voltage  on  the  grid  of  the  thy- 
ratron  and  thus  controls  the  power 
delivered  to  the  magnetron  fila¬ 
ment. 

The  circuits  discussed  here  can 
be  used  to  stabilize  magnetron  cur¬ 
rent  more  directly  without  relying 
on  control  of  filament  current.  This 
can  be  accomplished  by  supplying 
the  axial  magnetron  flux  by  means 
of  electromagnets  that  are  fed  by 
thyratrons  controlled,  through  the 


FIG.  6 — Practical  d-c  phai«  control  circuit  using  basic  circuit  oi  Fig.  5 


FIG.  7 — Phase-control  is  proTided  oxer  360  degrees  as  illustrated  by  the  waTeionns 
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cycle  of  plate  voltage  is  obtained. 

Figure  6  shows  a  form  of  the 
circuit  of  Fig.  6  in  which  the  mag¬ 
nitude  of  voltage  Voa  is  varied  by 
changing  a  direct  voltage.  The  plate ' 
of  the  6J5  is  fed  with  raw  a-c  and 
Ti  is  tuned  to  select  the  60-cycle 
compopent.  If  the  cost  and  space 
requirements  do  not  prevent,  the 
circuit  can  be  made  less  critical  as 
to  circuit  constants  by  the  addition 
of  a  d-c  plate  supply  in  the  circuit 
of  Vi. 

Complete  Cycle 

Figure  7  shows  an  interesting 
circuit  which  might  have  advan¬ 
tages  in  certain  applications  where 
control  is  desired  over  the  compete 
360  degrees.  Individual  thyratron 
current  waves  forms  and  the  con¬ 
trol  curve  are  also  shown.  The  cir¬ 
cuit,  in  the  form  shown,  may  be 
used  only  when  the  flow  of  two  or 
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network  of  Fig.  4,  by  the  magne¬ 
tron  direct  plate  current.  The  out¬ 
put  of  the  thyratron  must  be  fil¬ 
tered  to  reduce  the  ripple. 

The  circuit  of  Fig.  8  was  found 
to  deliver  almost  pure  direct  cur¬ 
rent  to  the  field  coils.  Capacitor  C 
and  inductor  L  form  a  smoothing 
filter  to  eliminate  ripple.  The  func¬ 
tion  of  V„  which  is  operated  essen¬ 
tially  as  a  diode,  is  to  enable  the 
coil  current  .to  continue  after  the 
instant  in  the  cycle  at  which  the 
main  thyratron  is  extinguished. 
The  action  of  the  circuit  is  such 
that  if,  for  any  reason,  the  plate 
current  of  the  magnetron  tends  to 
increase,  the  direct  bias  on  the  con¬ 
trol  tube  is  changed  so  as  to  cause 
the  thyratron  alternating  grid  volt¬ 
age  to  be  shifted  in  such  a  direction 
that  the  average  magnet  current, 
and  thus  the  flux  density,  is  auto¬ 
matically  increased.  The  magne- 


FIG.  8 — Magnetron  flux  density  is  con- 
troUed  by  this  circuit 


tron  will  therefore  experience  a 
smaller  increase  in  plate  current. 

Only  a  few  of  the  practical  appli¬ 
cations  of  these  circuits  have  been 
outlined.  Although  the  gradual 
type  of  control  has  been  empha¬ 
sized  in  this  paper,  the  circuits  lend 
themselves  to  on-off  control,  which 
may  be  equally  important  in  indus¬ 
trial  applications. 

The  work  that  forms  the  basis 
of  this  paper  was  done  in  conjunc¬ 
tion  with  a  research  project  on 
magnetrons  sponsored  by  the  Office 
of  Naval  Research. 
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This  introduction  to  fundamental  photometric  concepts  and  measurements  provides  an 
understanding  of  principles  and  methods  whereby  performance  of  television  receivers 
may  be  evaluated.  Quantities  needing  measurement  and  their  interrelations  are  explained 
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PHOTOMETRY  is  of  considerable 
interest  to  television  engineers 
because  the  engineering  evaluation 
of  television  receivers  depends  to 
an  important  extent  on  photometric 
measurements.  By  making  these 
measurements  television  engineers 
can  accumulate  objective  data  on 
the  distribution  of  light  output 
over  the  picture  plane  on  which  to 
base  future  designs  of  receivers. 

Receiver  Performance 

Among  the  factors  affecting  re¬ 
ceiver  performance  and  in  which 
photometry  plays  an  important  role 
are:  (1)  highlight  brightness,  (2) 
brightness  range  or  large  area  con¬ 
trast,  (3)  brightness  gradation  or 
gamma,  (4)  detail  contrast,  resolu¬ 
tion  contrast  or  sharpness,  (5) 
ambient  illumination,  (6)  direc¬ 
tional  characteristic  of  the  emis¬ 
sion,  and  (7)  such  other  effects  on 
the  photometric  performance  of  the 
receiver  as  hum  and  flicker.  Al¬ 
though  the  relative  importance  of 


these  factors  for  viewer  satisfac¬ 
tion  is  determined  essentially  by 
experience  in  the  field,  it  is  only  by 
possessing  photometric  data  on 
them  that  this  experience  can  be 
converted  into  specifications. 

Photometry  is  concerned  not  only 
with  the  measurement  and  compu¬ 
tation  of  the  energy  relationships 
in  the  emission  process,  propaga¬ 
tion,  absorption  and  reflection,  of 
radiant  energy  in  the  wavelength 
range  of  380  to  765  millimicrons, 
but  also  with  the  quantitative  eval¬ 
uation  of  this  radiant  energy  with 
respect  to  its  capacity  to  stimulate 
visual  sensations. 

A  luminosity  curve  shows  as  ordi¬ 
nates  the  relative  effectiveness 
(plotted  as  the  reciprocal  of  the 
required  radiant  energy)  of  vari¬ 
ous  wavelengths  of  radiant  energy 
to  evoke,  for  a  particular  observer 
and  under  particular  conditions, 
visual  sensations  of  equal  bright¬ 
ness.  A  luminosity  curve  may  thus 
be  considered  as  the  relative  re¬ 
sponse  characteristic  of  the  eye. 

The  difficulties  encountered  in 
attempting  to  make -photometry  an 


objective  science  are  that  the  rela¬ 
tive  response  characteristic  of  a 
given  individual  is  different  for 
different  conditions  of  observation 
and  that  the  relative  response  char¬ 
acteristics  of  different  observers, 
under  the  same  conditions  of  ob¬ 
servation,  are  not  identicaK 

The  use  of  many  luminosity 
curves  would,  obviously,  lead  to 
endless  confusion  and  ambiguity  in 
photometric  measurements  and 
specification.  To  avoid  this,  the 
International  Commission  on  Illum¬ 
ination  adopted  in  1924  a  standard 
luminosity  curve.  Figure  1  shows 
the  standard  I.  C.  I.  luminosity 
curve  which  was  obtained  as  an 
average  of  a  reasonably  large  num¬ 
ber  of  luminosity  curves.  It  should 
be  realized,  that,  (because  a  differ¬ 
ent  average  curve  would  have  been 
obtained  if  a  different  group  of  ob¬ 
servers  or  different  conditions  of 
observation  have  been  used),  the 
standard-luminosity  curve  is  es¬ 
sentially  an  arbitrarily  assumed 
standard  for  purposes  of  stand¬ 
ardization  and  specification  of 
photometric  data  and  is  not  neces- 
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FIG.  1 — RoIatiTO  ▼oluoi  (loft)  of  luminosity  curro  apply  to 
conditions  mot  in  tolofision;  obsoluto  oaluos  (right)  aro  usod 
to  dotormino  luminous  oliicioncy 


FIG.  2 — Luminous  intonsity  of  tho  sourco  is  tho  flux  omlttod  por 
solid  ongle.  Illuminanco  of  a  rocoiTor  is  tho  flux  por  unit  area 
incidont  on  its  surface 
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pressed  in  lumens  per  watt)  of  the 
radiant  energy.  Thus  one  watt  of 
monochromatic  radiant  flux  of 
wavelength  555  mji  (peak  of 
standard  luminosity  curve)  is 
equivalent  to  650  lumens,  whereas 
one  watt  at  500  m|x  is  equivalent  to 
0.323  X  650  =  210  lumens.  (The 
value  of  650  lumens  per  watt  has 
been  adopted  by  the  committee  on 
Nomenclature  and  Standards  of  the 
Illuminating  Society  of  America. 
However,  as  soon  as  the  new  pro¬ 
posed  international  photometric 
standard  is  adopted,  this  value  will 
probably  increase  to  685  lumens  per 
watt. 

Luminous  efficiency  K  should  not 
be  confused  with  the  efficiency  of 
a  practical  light  source,  which  is 
the  ratio  of  the  total  luminous  flux 
to  the  total  power  input.  The  effi¬ 
ciency  of  a  light  source  is  less  than 
K  since  generally  only  a  fraction 
of  the  power  input  is  converted  into 
radiant  flux. 

.  Calculations 

Referring  to  Fig.  2,  let  the  small 
plane  source  of  area  Ao  emit  P 

watts  or  F  =  650  y{\)P{\)d\ 

lumens,  and  let  At  and  A,  be  the 
areas  of  two  small  receivers  which 
subtend  the  same  solid  angle  Aco  at 
the  center  of  the  source  and  are  lo¬ 
cated  at  the  same  distance  D  from 
it.  The  luminous  intensity  or  can- 
dlepower  of  a  source  is  given  by 

I  =  aF-Aw  (3) 

and  is  measured  in  candles  or  lu¬ 
mens  per  steradian.  The  number  of 
lumens  AF, ’and  AF,  contained  in 
the  solid  angles  Au)  will,  in  general, 
be  different.  Thus  the  intensity  h  = 
AF,/Aa>  measured  in  the  direction 
normal  to  the  source  is  different 
from  the  intensity  /,  =  AF,/Aa) 
measured  along  a  direction  making 
the  angle  a  with  the  normal.  In 
specifying  the  intensity  or  candle- 
power  of  a  source,  it  is  therefore 
necessary  to  state  the  direction  in 
which  the  intensity  is  measured  or 
preferably  to  give  a  candlepower 
distribution  curve.  The  directional 
characteristic  of  many  extended 
sources,  such  as  a  luminescent 
screen  of  a  cathode-ray  tube,  obey 
Lambert’s  law  which  states  that 

and  is  called  the  absolute  luminos-  /*  =  /oco8a  (A) 

ity  or  luminous  efficiency  (ex-  In  the  case  of  a  uniform  point  or 


Table  I — Standard  Luminosity  Function 


The  commonly  used  units  of  wavelength  are  the  micron  (/i)  =  10~*meter,  the 
millimicron  (m/i)  *  10“*meter,  and  the  Angstrom  unit  (A)  =  10“*®meter. 


Table  II — Nomenclature  and  Symbols  Used  in  Photometry 


sarily  the  response  of  any  normal 
or  average  individual.  Table  I 
gives  the  standard  luminosity  func¬ 
tion,  y  (X),  at  5  millimicron  steps. 

Units  of  Photometry 

Photometry  has  been  complicated 
by  nomenclature  and  systems  of 
units.  To  alleviate  this  situation, 
the  committee  on  Colorimetry  of 
the  Optical  Society  of  America  has 
recommended  Table  II,  which  gives 
the  names,  symbols,  and  basic  mks 
units  of  radiometry  and  photom¬ 
etry.  The  term  luminance  in 
Table  II  replaces  the  older  term 
brightness,  which  led  to  the  con¬ 
fusion  between  the  objective  con¬ 
cept  of  brightness  as  a  measurable 
quantity  and  the  subjective  concept 
of  brightness  which  refers  to  the 
sensation  in  the  consciousness  of 
the  human  observer.  It  is  recom¬ 
mended  that  the  term  brightness 
be  used  only  in  the  latter  sense. 


Any  radiometric  unit  in  Table  II 
is  converted  into  the  corresponding 
photometric  unit  by  evaluating  it 
with  respect  to  the  standard  lumi¬ 
nosity  function  y  (X).  Thus,  if 
P  (X)  be  radiant  flux  (in  watts  per 
millimicron)  distributed  over  the 
continuous  spectrum  extending  be¬ 
tween  Xi  and  X„  then  the  luminous 
flux  in  lumens  is  given  by 


where  X  is  measured  in  millimi¬ 
crons.  The  ratio  of  any  photometric 
quantity  to  the  corresponding 
radiometric  quantity  in  Table  II 
is  defined  by  the  ratio 


\iP(\)y(\)d\  lumens 
per  watt 


KP(X)d\ 
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X  in  in /I 

y  (X) 

X  in  niM 

■y  (X) 

X  in  mii 

y  (X) 

y  in  mX 

y^Cx) 

380 

0.0000 

480 

0.1390 

580 

0.8700 

680 

0.0170 

385 

0.0001 

485 

0.1693 

585 

0.8163 

685 

0.0119 

390 

0.0001 

490 

0.2080  ; 

590 

0.7570 

690 

0.0082 

395 

0.0002 

495 

0.2.586  1 

595 

0.6949 

695 

0.0057 

400 

0.0004 

500 

0.3230 

600 

0.6310  1 

700 

0.0041 

405 

0.0006 

505 

0.4073 

605 

0.5668  ; 

705 

0.0029 

410 

0.0012 

510 

0.5030 

610 

0.5030  i 

710 

0.0021 

415 

0.0022 

515 

0.6082 

615 

0.4412  i 

715 

0.0015 

420 

0.0040 

520 

0.7100  ; 

620 

0.3810 

1  720 

0.0010 

425 

0.0073 

.525 

0.7932  1 

625 

0.3210 

1  725 

0.0007 

430 

0.0116 

530 

0.8620 

630 

0.2650 

730 

0.0055 

435 

0.0168 

525 

0.9149 

635 

0.2170 

'  735 

0.0004 

440 

0.0230 

540 

0.9540 

640 

0.1750 

!  740 

0.0003 

445 

0.0298 

545 

0.9803 

645 

0.1382 

!  745 

0.0002 

450 

0.0380 

550 

0.9950 

1  650 

0.1070 

1  750 

0.0001 

455 

0.0480 

555 

1.0002 

I  655 

0.0816 

i  755 

•0.0001 

460 

0.0600 

560 

0.9950 

1  660 

0.0610 

1  760 

0.0001 

465 

0.0739 

565 

0.9786 

1  665 

0.0446 

765 

0.0000 

470 

0.0910 

570 

0.9520 

1  670 

0.0320 

475 

0.1126 

575 

0.9154 

1  675 

•  0.0232 

RADIOMETRY 

PHOTOMFTTRY 

Name 

Sym- 

Unit  MKS 

Name 

Sym¬ 

bol 

Unit  MKS 

Radiant  Energy 

U 

joule 

Luminous  Energy 

*0 

talbot 

Radiant  Flux 

P 

watt 

Luminous  Flux 

F 

lumen 

Radiant  Emittance 

W 

watt/m* 

Luminous  Emittance 

L 

lumen/m* 

Radiant  Intensity 

J 

watt/w 

Luminous  Intensity 

I 

lumen  /  wCcandle) 

Radiance 

N 

watt/  cum* 

Luminance 

B 

lumen/  wm* 

Irradiance 

H 

watt ''m* 

Illuminance 

E 

(candle/m*) 
lumen /m*  (lux) 

m 

meter 

w 

steradian 

j 


I. 
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spherical  source,  the  intensity  is 
independent  of  direction  and  is 
equal  to  F/Ak.  Table  III  shows  the 
relationship  between  the  three  most 
frequently  used  units  of  intensity. 

A  surface  of  area  AA  placed  in 
a  field  of  flux  F  is  said  to  be  illu¬ 
minated  with  the  illuminance '  in 
lumens  per  square  meter  (in  mks 
units)  of 

E  -  AF/Ail  (5) 

where  AF  is  the  flux  incident  on  the 
surface.  The  illuminance  of  re¬ 
ceiver  AA,  (Fig.  2)  is 

El  *  AFi/AAi  ■■  ItA(t)/AA\ 

(It/AAi)  (AAi  coetf)/D* 

-  (/»//)■)  C<Mff  (6) 

The  illuminance  of  receiver  AA.  is 

Et  -  (I,/D>)  cose  ■  (7A) 

which,  for  a  source  obeying  Lam¬ 
bert’s  law,  is 

Et  *  (/*/ C*)  ooea  coe®  (7B) 

In  the  case  of  normal  incidence  the 
illuminance  of  the  two  receivers 


to  large  extended  sources  if  D  is 
considerably  larger  than  the  exten¬ 
sion  of  the  source.  Thus,  Eq.  8 
holds  to  within  about  one  percent 
if  D  is  at  least  five  times  the  great¬ 
est  linear  dimension  (the  diagonal 
of  the  raster  on  a  cathode-ray  tube 
screeu)  of  the  source.  Equation  8, 
rewritten  in  the  form 

7,  -  EiD^;  I,  -  EtD^  (9) 

serves  as  a  basis  of  determining  the 
intensity  of  candlepower  of  ex¬ 
tended  sources  if  D  is  again  at  least 
five  times  the  greatest  linear  ex¬ 
tension  of  the  source. 

The  luminance  B  of  the  surface 
A„  (Fig.  2)  in  any  direction  a  is 
the  ratio  of  the  intensity  h  in  that 
direction  to  the  area  of  the  projec¬ 
tion  of  Ao  on  a  plane  perpendicular 
to  this  direction  so  that 

B  =  It/ At  cosa  (10) 

Luminance  is  measured  in  candles 
per  square  meter  in  mks  units.  If 
Lambert’s  law  is  obeyed,  then 


El  -  It/ Be;  Et  (8) 

Equation  8  expresses  the  well 
known  inverse  square  law  of  illu¬ 
mination.  Equation  6  or  7  expresses 
the  combination  of  two  fundamental 
laws  of  illumination;  the  inverse 
square  law  and  the  cosine  law.  The 
inverse  square  law,  which  is  the 
basis  of  most  photometers,  applies 


Table  HI — Conversion  Factors  for 
Units  of  Luminous  Intesisity 


UNIT 

Int’nT  New  Hefner 
Candle  Candle  Candle 

One  Int’nT 
Candle 

One  New 
Candle 

One  Hefner 
Candle 

1  1.02  1.11 

0.98  1  1.09 

0.90  0.92  1 

B 


Ip  cosa  It 

Ao  cosa  At 


(11) 


and  the  luminance  of  a  surface  is 
independent  of  a.  The  brightness 
sensation  depends  upon  the  lumi¬ 
nance  of  the  surface.  Hence,  if  the 
surface  obeys  Lambert’s  law,  its 
luminance  is  the  same  in  all  direc¬ 
tions,  and  it  will  appear  equally 
bright  from  all  angles. 

The  luminous  emittance  L  of  a 
surface  is  the  total  luminous  flux 
the  surface  emits  per  unit  of  area 
L  -  F/A  (12) 

Luminous  emittance  is  measured 
in  lumens  per  square  meter  in  mks 
units.  The  luminous  emittance  of 
a  surface  obeying  Lambert’s  law  is 
L  =  tB  (13) 

Thus  a  perfectly  diffusing  surface 


Table  IV — Conversion  Factors  for  Units  of  niuminance 


Unit 

1  Lumen/M*  or 

1  Meter-Candle 

1  or  Lux 

Lumen/Ft* 

or 

Foot-Candle 

Lumen/Cm* 
or  Phot 

Millilu- 
men/Cm*  or 
Milliphot 

[Lumen/M*  or] 
Onej  Meter-Candle  r 
(or  Lux  J 

1 

0.0929 

0.0001 

0.1 

10.76 

1 

0.001076 

1.076 

10,000 

929 

1 

1,000 

Millilu-  ] 

One- men/Cm*  or  [ 

:  Milliphot  j 

10 

0.929 

0.001 

1 

112 


with  a  luminance  of  B  candles  per 
square  meter  qniits  lumens  per 
square  meter.  If  the  area  of  the 
surface  is  A  square  meters,  then  it 
emits  -kBA  lumens. 

Equation  13  is  the  basis  for  an¬ 
other  unit  of  luminance  called  me- 
ter-lambert.  One  meter-lambert 
(equal  to  1/x  candle  per  square 
meter)  is  the  luminance  of  a  per¬ 
fectly  diffusing  surface  emitting,  ^ 
reflecting  or  transmitting  one  lu¬ 
men  per  square  meter.  This  1am- 
bert  unit  is  extremely  convenient 
when  dealing  with  reflecting  and 
transmitting  surfaces  which  are 
perfectly  diffusing.  For,  if  these 
surfaces  do  not  absorb  any  light, 
then  the  number  of  lumens  incident 
on  them  is  equal  to  the  number  of 
lumens  transmitted  or  reflected, 
and  the  illuminance  in  lumens  per 
square  meter  equals  the  luminance 
in  meter-lamberts. 

Besides  the  mks  units  given 
above,  there  are  many  others  in 
widespread  use.  They  differ  from 
the  mks  units  only  in  the  fact  that 
different  units  of  area  are  used. 
Tables  IV  and  V  give  the  names 
and  the  relative  magnitudes  of  the 
more  commonly  used  units  of  illu¬ 
minance  and  luminance. 

Photometric  Measurements 

The  methods  of  light  measure¬ 
ment  may  be  divided  into  two 
classes :  visual  photometry,  and 
physical  photometry. 

In  visual  photometry  the  human 
eye  is  used  as  the  detector.  Al¬ 
though  the  human  eye  is  incapable 
of  measuring,  it  is  capable  of  fairly 
accurately  judging  the  equality  of 
luminances  of  adjacent  areas.  In  a 
visual  photometer,  two  adjacent 
areas  of  a  screen  are  illuminated  by 
a  calibrated  source  and  an  unknown 
source.  The  observer  adjusts  the 
illuminance  on  the  half-field  pro- 
‘duced  by  the  calibrated  source,  (by 
varying  the  distance  between  source 
and  screen)  until  he  judges  the 
two  half-fields  to  be  equally  bright. 
The  better  visual  photometers 
(such  as  the  Macbeth  Illuminom- 
eter)  use  a  Lummer  Brodhun  cube 
to  split  the  field.  Relatively  accu¬ 
rate  measurements  may  be  made 
with  visual  photometers  only  if  the 
chromaticities  of  the  calibrated  and 
unknown  sources  are  approximately 
the  same.  Although  a  series  of  fil- 
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Table  V — Conversion  Factors  ior  Units  oi  Luminance 


i 


UNITS 

Candle 
per  sq  Cm  • 

Candle 
per  sq  In. 

Candle 
per  sq  Ft 

Candle 
per  sq  M 

Cm- 

Lambert 

Foot- 

Lambert 

Milli- 

Lambert 

Meter-  | 

Lambert 

i 

C>iie>Candle/Cm*  or  Stilb 
One  Candle/In* 

One  Candle/Ft* 

One  Candle/Meter 

1 

0.1550 

0.00108 

0.0001 

6.452 

1 

0.00694 

0.000645 

929 

144 

1 

0.0929 

10,000 

1,550 

10.764 

1 

3.142 

0.4869 

0.00338 

0.0003142' 

2,919 

452.4  . 
3.142 
0.2919 

3,142 

486.9 

3.38 

.3142 

1 

31,420 

4,869 

„  33.82  ' 

3.142  1 

One  Cm-Lambert 

One  Foot-Lambert 

0.3183 

0.000313 

2.054 

0.00221 

295.7 

0.3183 

3,183 

3.426 

1 

0.0010764 

929 

1 

1,000 

1.0764 

10,000  i 

10.764  I 

i 

One  Millilambert 

0.000318 

.002051 

0.2957 

3.183 

0.001 

0.929 

1 

10  j 

One  Meter  Lambert 

0.0000318 

0.0002054 

0.02957 

0.3183  0.0001 

0.0929 

•  0.1 

>  1 

Intensity  (measured  along  line  of  sight)  per  unit  of  area  (measured  in  plane  normal  to  line  of  sight) 

ters  may  be  used  to  relieve  this  limi¬ 
tation,  measurements  upon  sources 
of  different  colors  (heterochro- 
matic  photometry)  are  generally 
subject  to  considerable  errors  un¬ 
less  a  flicker  photometer  is  used. 

In  physical  photometry,  the  de¬ 
tector  is  generally  a  photovoltaic 
or  photoemissive  cell.  A  cell  cor¬ 
rected  with  a  suitable  filter,  so  that 
its  sensitivity  throughout  the  spec¬ 
trum  is  proportional  to  the  stand¬ 
ard  luminoiiity  curve  will  give 
standard  photometric  values  re¬ 
gardless  of  the  color  of  the  light. 
The  most  important  error  in  phys¬ 
ical  photometry  is  generally  due  to 
the  difference  between  the  spectral 
response  of  the  cell  and  the  stand¬ 
ard  luminosity  curve.  Other  errors 
arise  from  the  directional,  temper¬ 
ature  and  fatigue  characteristics  of 
cells.  Most  commercial  light  meas¬ 
urements  are  now  made  using  a 
photovoltaic  ceU  with  a  correcting 
filter  to  give  a  response  typical  of 
the  human  eye. 

Although  physical  photometry  is 
obviously  the  ideal,  visual  photo¬ 
metry  will  continue  to  be  used  be¬ 
cause  no  portable  physical  photom¬ 
eter  has  as  yet  been  developed  which 
is  as  universal  a  light  measuring 
instrument  as  the  Macbeth  Illu- 
minometer.  It  can  be  used  to  meas¬ 
ure  the  light  from  small  or  large 
areas  and,  with  suitable  filters, 
covers  a  very  wide  range  of  inten¬ 
sities.  For  trained  observers,  the 
Macbeth  will  yield  reasonably  ac¬ 
curate  and  consistent  results  over 


a  wide  spectral  range.  The  correct 
manner  of  using  the  Macbeth  illu- 
minometer  is  given  in  the  instruc¬ 
tion  book  issued  by  the  manufac¬ 
turer  (Leeds  and  Northrup). 

However,  because  of  the  spectral 
distribution  of  the  light  emitted  by 
cathode-ray  tubes  and  in  the  case 
of  semiroutine  measurements  espe¬ 
cially  by  nonspecialists,  it  is  pref¬ 
erable  to  use  a  physical  pho¬ 
tometer.  A  barrier-layer  cell 
photometer,  such  as  a  Weston  Pho- 
tronic  cell  with  a  Viscor  filter,  will, 
under  the  circumstances,  often  yield 
more  consistent  and  more  standard 
results  than  those  obtained  with  a 
Macbeth  if  as  much  care  is  taken 
in  its  calibration  and  reasonable 
care  is  exercised  in  following  pro¬ 
cedure  (such  as  that  outlined  by 
L.  E.  Barbrow,  A  Photometric  Pro¬ 
cedure  Using  Barrier-Layer  Pho¬ 
tocells,  Jour,  of  Res.  Nat.  Bureau 
of  Standards.  25,  703,  1940).  How¬ 
ever,  the  barrier-layer  cell  photom¬ 
eter  is  not  very  suitable  for  the 
measurement  of  very  low  intensi¬ 
ties,  or  of  the  ratio  of  luminance 
of  small  areas,  as  is  required  in 
measuring  contrast  gamma  and 
hum.  Under  these  circumstances  it 
may  be  necessary. to  use  the  Mac¬ 
beth  and,  whenever  possible,  cali¬ 
brated  filters  to  match  the  color  of 
the  light  from  the  luminescent 
screen  should  be  used. 

The  measurement  of  contrast, 
gamma  and  hum  involves  primarily 
the  measurement  of  light  intensity 
ratios.  The  absolute  value  of  lu¬ 


minance  need  not-  be  known  and 
the  spectral  characteristic  of  the 
light  stays  approximately  constant 
throughout  the  measurement.  It  is 
believed  that  a  physical  photometer, 
such  as  a  well  stabilized  vacuum 
photocell  arrangement  preferably 
with  an  optical  system,  and  several 
field  limiting  apertures  should  be 
developed  for  the  purpose. 

The  following  procedure  may  be 
used  for  measuring  with  a  barrier- 
layer  cell  the  luminance  (bright¬ 
ness)  of  a  uniformly  emitting  area 
of  a  cathode-ray  tube  screen:  (1) 
Place  a  good  mask  with  an  opening 
of  accurately  known  area  A  over 
the  tube  face.  (2)  Locate  the  cell 
facing  the  tube  and  one  foot  away. 

The  luminance  in  foot-lamberts 
is  then  r.E/A  where  E  is  the  read¬ 
ing  of  the  meter  in  foot-candles.  If 
the  area  (in  square  feet)  of  the 
aperture  in  the  mask  is  standard¬ 
ized,  then  the  factor  is/A  can  be 
included  in  the  calibration  of  the 
meter  and  thus  the  luminance  in 
foot-lamberts  may  be  read  directly. 
The  largest  linear  dimension  of  the 
aperture  in  the  mask  should  be  kept 
below  six  inches,  if  the  error,  due 
to  the  assumption  that  the  inverse 
square  law  holds  for  extended  sur¬ 
faces,  is  to  be  less  than  about  0.06. 

The  same  procedure  may  be 
adopted  in  the  case  of  projection 
receivers,  except  that  here  the  lu¬ 
minance  should  be  measured  at 
least  in  two  directions :  normal 
and  where  the  luminance  has 
dropped  to  a  preassigned  value. 
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Design  Cuives  for 

Parallel-T  Network 


Chart  presents  generalized  design  curves  from  which  transmissions  at  various  deviations 
from  resonant  frequency  can  he  read  directly.  Design  equations  are  also  presented,  and 
conclusions  as  to  properties  of  parallel-T  networks  under  usual  conditions  are  drawn 


The  effect  can  be  seen  in  the  design 
chart  in  which  Eq.  6  is  plotted  for 
various  values  of  k  and  m;  only  the 
low  side  of  resonance  is  shown  be¬ 
cause  the  curves  are  symmetrical. 

An  approximate  transmission 
formula  when  fc  =  m  =  1  for  the 
frequency  range  from  /  =  0.9/,  to 
f  =  1.1/,  is 
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P4RALLEL-T  NETWORKS  are  Com¬ 
ing  into  common  ..  se  because  of 
their  simplicity,  economy  and  ef¬ 
fectiveness.  To  simplify  their  de¬ 
sign,  generalized  transmission 
curves  for  conditions  ordinarily  en¬ 
countered  are  presented. 


2(1 +  k)/k  and  for  fc  =  1  reduces 
further  to  3  +  m. 

These  relations  show  that  the 
larger  the  magnitude  of  Eq.  10,  the 
less  the  selectivity  of  the  network. 

Increasing  m  for  a  fixed  value  of  fc 
increases  the  value  of  Eq.  10,  de-  This  equation  also  illustrates  the 
creasing  the  selectivity,  while  in-  fact  that  there  are  approximately 
creasing  fc  causes  Eq.  10  to  decrease,  90  degrees  of  phase  shift  near  reso- 
approaching  2  as  a  limit,  and  con-  nance,  lagging  at  frequencies 
sequently  increasing  the  selectivity,  below,  leading  at  frequencies  above. 


Characttristics  of  Network 

Resonance  equations  for  the  gen¬ 
eral  parallel-T  network  are  given  in 
Table  I,  which  contains  other  per¬ 
tinent  equations  and  the  circuits 
which  they  describe.  The  analysis 
need  not  be  restricted  to  symmetri¬ 
cal  networks  in  which  —  Rt  and 
Xt  =  Xt  or  even  to  the  condition 
that  Ri  —  XxBi  resonance.  For  the 
general  case  the  parameters  m  and 
fc  can  be  defined  at  resonance  by  the 
two  relations  of  Eq.  2,  and  with  the 
aid  of  Eq.  1  the  relations  of  Eq.  3, 
4,  5  can  be  derived. 

The  general  expression  for  trans¬ 
mission  through  a  parallel-T  net¬ 
work  is  given  by  Eq.  6  where  /  is 
the  operating  frequency  and  /,  is 
the  resc’^ant  frequency  of  the  net¬ 
work;  the  other  terms  are  defined 
by  the  relations  of  Eq.  7.  Usually 
the  parallel-T  network  is  made  us¬ 
ing  capacitors  for  the  reactive  arms. 
The  resonant  frequency  of  such  a 
network  is  given  by  Eq.  8;  R,  does 
not  appear  in  this  relation  because 
it  is  uniquely  determined  by  the 
other  parameters.  The  arms  of  the 
capacitive  network  can  be  designed 
from  the  relations  of  Eq.  9. 

Considerable  information  about 
the  network  can  be  obtained  from 
an  examination  of  part  of  Eq.  6 


Table  I — Design  Equations  for  Parallel-T  Network 


General  Parallel-T  Network 


Capacitive  Parallel-T  Network 


General  Resonance  equations 
XxXx  =  (Ri  -h  Bx)Rx 
RiRx  ^(Xx+  Xt)Xt 


Resonance  frequency  of  network 


2ir[RiRt{  CiC,/(Ci  -I-  Cx)  ^C,1V* 
Design  of  capacitive  network, 
components  related  to  Ri  or  Ci 
Cl  =  1,  '*T/om/?i  ( 

C,  =  mCi/ft;  /?,  =  kRi  { 

C,  =  (m  -f  k)/2irf,kRx  = 
m{m  -I-  k)Ci/k  ( 

Rt  “=  .nkRi/{l  -t-  fe)  ( 


Relationships  between  parameters 
Ai  =  ffiRii  Rt  =  kRi 

Xt  =  kRi  =  kXx/m 
Rt  =  [mk/a  -I-  k)]Ri 
Xt  =  [k/(m  +  k)]R\ 


General  expression  for  transmission  through  a  parallel-T  network 


which,  for  m 


1,  reduces  to 
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ATTENUATION  IN  OB 


H - DESIGN  CHART  - 1 - 

generalized  transmission  curves 

-  FOR  PARALLEL -T  NETWORKS  — 


0.50  0.60  0.70  0  80  065  0  90 

ACTUAL  FREQUENCY  (f)/RESONANT  FREQUENCY  (f-) 


The  parallel-T  network  loads  the 
driving  circuit  at  all  frequencies, 
and  at  resonance  presents  an  input 
impedance  of  Ri/2  for  any  value  of 
k  when  rn  =  1.  Below  resonance 
this  impedance  increases  and  above 
resonance  it  decreases.  Loading  the 
output  of  the  network  with  an  ex¬ 
ternal  load  reduces  the  transmis¬ 
sion  on  both  sides  of  resonance,  al¬ 


though  the  effect  is  greater  on  the 
low-frequency  side.  However,  load¬ 
ing  with  a  value  as  low  as 
3(1  -f-  k)Ri  reduces  the  transmis¬ 
sion  less  than  a  decibel  in  the  region 
from  /  =  0.5/«  to  /  =  2/#. 

Varying  R,  and  either  Ri  or  R2 
allows  sufficient  adjustment  to  tune 
the  network  to  resonance.  Each 
component  contributes  approxi¬ 


Table  II — Comparison  of  Computed  and  Measured  Transmissions 


Transmission  in  Decibels 


Frec^uency  k  =  1  and  m  =  1 

in  cycles  - 

per  second  Computed  Measured  Measured* 


k  =  1  and  m 


Computed  Measured 


1,000 

— 

-65 

(  1,000 

-65.7) 

— 

— 

950 

-31.6 

-32 

(  1,053 

-32.7) 

-37.6 

— 

900 

-25.6 

-26.5 

(  1,110 

-26.4) 

-31.6 

-33 

850 

-22.0 

-22.1 

(  1,170 

-22.3) 

-27.5 

— 

800 

—19.1 

-19.4 

(  1,250 

-19.2) 

-25.0 

-26.5 

700 

—14.9 

-15.3 

(  1,430 

-15.2) 

^•20.8 

-22.0 

600 

—11.9 

-12.0 

(  1,670 

-11.8) 

'-17.5 

-19.0 

500 

-  9.15 

-  9.5 

(  2,000 

-  9.4) 

-14.8 

-16.0 

300 

-  4.35 

—  5.0 

(  3,300 

-  4.8) 

-  9.0 

-10.0 

100 

-  0.7 

-  1.9 

(10,000 

-  0.9) 

-  2.5 

-  3.0 

*  These  two  columns  give  the  symmetrical  frequency  on  the  high  side  of  resonance 
as  compared  to  the  frequency  of  the  extreme  left-hand  column  and  the  cor¬ 
responding  transmission.  The  transmissions  indicate  the  degree  of  symmetry 
of  the  response. 


mately  0.5-percent  change  in  /,  for 
each  1-percent  variation  from  the 
specified  value.  An  adjustable  ele¬ 
ment  should  have  a  range  of  ±4 
times  the  individual  element  toler¬ 
ance  to  assure  the  ability  of  reso¬ 
nating  the  network. 

A  parallel-T  network  resonant  at 
1,000  cps  and  with  fc  =  m  =  1  was 
built  from  the  foregoing  equations.' 
From  Eq.  9  Ri  z=  R,  —  16,000  ohms, 
Ra  =  8,000  ohms,  C,  =  Ci  =  0.01 
|j.f,  and  C,  =  0.02  (tf.  With  ±  1-per¬ 
cent  tolerance  capacitors,  actual 
values  of  the  resistances  required 
for  resonance  were  Ri  =  15,800 
ohms,  Rt  =  16,000  ohms,  R,  =  8,000 
ohms.  The  computed  transmissions 
(from  the  design  chart)  and  the 
measured  values  are  presented  in 
Table  II.  Results  for  a  similar  net¬ 
work,  but  for  which  m  =  5,  are 
also  given  in  this  table. 

The  measurements  at  resonance 
were  remade  by  filtering  out  the 
second  and  third  harmonics  with 
parallel-T  networks  and  rejecting 
hum  frequencies  with  a  high-pass 
filter.  Under  these  conditions  an  at¬ 
tenuation  of  115  db  was  measured. 
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Operation  and  facilities  of  a  computer  for  obtaining  dynamic  solutions  of  the  simultane¬ 
ous  differential  equations  usually  encountered  in  design  engineering.  Here  d-c  ampli¬ 
fiers  add  and  integrate,  while  servos  multiply  or  divide  variables  and  resolve  or  add  vectors 


ROBLEMS  can 


usually  be 
JC~  stated  mathematically  but  ob- 
taininsr  numerical  solutions  is  often 
impractical  because  of  the  enor¬ 
mous  amount  of  computation  that  is 
required.  In  the  field  of  electron¬ 
ics,  for  example,  the  relationship 
between  the  current  and  circuit  ele¬ 
ments  of  a  tuned  plate  oscillator  is 


changing  components  on  a  bread¬ 
board. 

Computer  "Turns  the  Crank" 

What  is  actually  done  when  an 
equation  is  set  into  the  REAC  is  to 
simulate  the  system  to  which  the 
equation  applies.  For  example,  us¬ 
ing  aerodynamic  relationships  ex¬ 
pressed  in  terms  of  ordinary,  ini¬ 
tial  valued,  linear  and  nonlinear 
simultaneous  differential  equa¬ 
tions,  the  REAC  can  be  set  so  that 
it  simulates  the  flight  of  an  air¬ 
craft.  The  effect  of  contemplated 
design  changes  or  the  design  that 
will  give  optimum  performance  can 
be  determined  without  actually 
building  an  aircraft  or  model.  Con¬ 
trol  equipment  can  be  tested  by  us¬ 
ing  the  REAC  to  simulate  an  air¬ 
craft.  Similarly,  chemical  and 
other  industrial  processes  can  be 
simulated  and  controlled. 

The  REAC  was  developed  for 

Interchongoabu  cyUnder.  carrying  ■pirai  ^he  Special  Devices  Center  of  the 
contactB  proTid*  th»  iphcial  iunctions  Office  of  Naval  Research  as  a  gen- 
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the  problem  has  been  set  into  the 
REAC,  the  effects  upon  oscillation 
of  different  values  of  the  circuit 
parameters  can  be  obtained  simply 
by  turning  a  dial ;  solving  the  equa¬ 
tion  is  thus  simpler  and  neater  than 


d*t  dirrrC  -t-  L 


Most  of  US  find  it  easier  to  build 
such  an  oscillator  and  use  cut  and 
try  methods  in  selecting  its  com¬ 
ponents  than  to  solve  this  second 
order  linear  differential  equation. 

If  the  equipment  is  goal,  this 
approach  is  satisfactory,  but  when 
a  fundamental  design  principle  is 
being  studied  the  exact  solution  is 
required. 

The  REAC  (Reeves  Electronic 
Analog  Computer)  can  solve  such 
problems,  and  more  complex  ones, 
in  a  relatively  short  time.  Once 
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El*m«ntt  ol  computsr  are  int«rconn*ct*<l  by  pluqqinq  into  jacks  at  a  common  patch  bay:  rocordor  plots  solution 


eral-purpose  analog  computer.  Us¬ 
ing  it  on  problems  submitted  by 
various  airplane  manufacturers 
and  universities,  it  was  found  that 
the  REAC  cut  the  cost  of  computa¬ 
tion  96  percent  and  produced 
answers  as  adequate  as  those  re¬ 
sulting  from  hand  computation  by 
experts.  Extensive  use  of  the  ma¬ 
chine  on  problems  shows  that  it  re¬ 
duces  the  man-days  required  to 
obtain  solutions  to  about  a  thirtieth 
of  that  required  by  hand  methods 
using  desk  computers. 

The  standard  REAC  consists  of 
the  Computer  Unit,  the  Servomech¬ 
anisms  Unit,  a  Recorder  Unit,  and 
associated  power  supplies.  Because 
the  power  supplies  do  not  contain 
computing  controls  they  need  not  be 
located  with  the  other  units  in 
which  all  the  computing  elements 
are  mounted. 


The  computing  elements  generate  two  have  amplifications  of  four,  and 
and  operate  on  direct  voltages  that  the  rest  have  amplifications  of  one. 
are  proportional  to  the  terms  in  Two  volts  applied  at  the  amplifica- 
the  mathematical  problems  set  into  tion-ten  input,  for  example,  would 
them.  There  are  seven  summing  produce  an^  output  of  —20  volts, 
amplifiers,  seven  integrating  ampli-  This  operation  is  accomplished 
fiers,  four  limiters,  six  initial  con-  as  follows:  Figure  lA  is  a  block 
dition  potentiometers,  twenty  scale  diagram  of  the  summing  amplifier 
factor  potentiometers,  and  auto-  with  two  inputs,  where  R  is  the 
matic  balancing  and  overload  relay  value  of  the  feedback  resistor  of  a 
units.  The  principal  elements  are  high  gain  d-c  amplifier  and  R/A 
shown  diagrammatically  in  Fig.  1.  and  R/B  are  the  values  of  the  input 

resistors.  Assuming  no  grid  cur¬ 
rent,  the  following  five  equations 
The  function  of  a  summing  am-  can  be  written  where  —\l  is  the 
plifier  is  to  furnish  an  output  volt-  gain  of  the  amplifier  without  feed- 
age  whose  value  is  the  negative  of  back,  e,  is  the  first  input  voltage, 
the  algebraic  sum  of  several  input  e,  the  second,  Co  is  the  grid  voltage 
voltages.  Connection  to  the  seven  into  the  amplifier  proper,  Bo  is  the 
inputs  of  each  amplifier  is  by  means  output  voltage  from  the  amplifier, 
of  telephone  jacks  on  the  patch  bay  I  is  the  current  through  R,  h  is  the 
in  the  front  panel.  One  of  the  in-  current  through  R/A,  and  /,  is  the 
puts  has  an  amplification  of  ten,  current  through  R/B,  consequently 
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FIG.  1 — Computer  includes  (A)  summinq  and  (B)  inte9Tattnq  cunpliiiers.  (C)  initial  condition  and  (D)  multiplying  potSr  and  (E)  limiters 


I  -/i+/» 

e,  -  hR/A  - 
—  ItR  B  » 
eo  »  —  neo 

*0  —  to  ^  IR 


(1) 

(2) 

(3) 

/4) 
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From  Eq.  1  and  5  comes  the  follow¬ 
ing  .  ^  "" 

—  to  ^  IR  —  to  ^  RIi  RIt  —  to  (6) 
and  from  Eq.  2  and  3 
h  -  (ti  -  to)A/R  (7) 

h^{tt-ta)BR  (%) 

therefore  from  Eq.  6,  7,  and  8 
eo  “  6ij4  t~B  —  toA  —  toB  —  to  (9) 
From  Eq.  4,  Ca  =  —  Co/ji,  so  Eq.  9  is 

-to-‘txA-^ttB-to{\-^A+B)/ix  (10) 

The  gain  of  the  amplifier  is  about 
75,000,  hence 

eo(\+A+B)/^,^0  (11) 

and  can  be  neglected  with  little  re¬ 
sulting  error,  so  that  Eq.  10  may  be 
written 

<0  “  ~  {tiA  +  tjB)  (12) 

Equation  ^  states  that  the  out¬ 
put  voltage  equa^s  the  negative  sum 
of  the  input  voltages  each  multi¬ 
plied  by  a  multiplication  factor  de¬ 
termined  by  the  ratio  of  the  feed¬ 
back  resistor  to  the  input  resistor. 

The  schematic  of  the  summing 
amplifier  is  shown  in  Fig.  2.  It  is  a 
three-stage  d-c  amplifier  with  a  one- 
megohm  feedback  resistor  from  the 
plate  of  the  final  stage  to  the  con¬ 
trol  grid  of  the  input  stage.  The 
variable  resistor  in  the  cathode  of 
the  input  stage  is  provided  to  sta¬ 
bilize  the  gain  of  that  stage.  The 
stage  gain  is  stable  when  the  fixed 
cathode  resistor  equals  l/p*  of  the 
6SL7.  To  achieve  this  condition, 
the  bias  of  the  tube  is  varied  by 
means  of  the  Compensate  resistor. 
The  compensated  condition  cor¬ 
responds  to  the  condition  of  maxi¬ 
mum  gain  in  the  amplifier,  which 
fact  is  used  to  indicate  the  correct 
setting. 

The  bias  of  the  second  stage  is 
also  adjustable  (the  grid  resistor 
leads  to  a  bias  source  in  the  auto¬ 


matic  balancing  system;  see  below) 
by  means  of  the  Balance  potentiom¬ 
eter.  This  spot  is  used  to  adjust 
the  gain  so  that,  with  the  input  to 
the  first  stage  open-circuited  (by 
the  zeroing  relay),  the  output  of 
the  amplifier  is  zero.  Because  main¬ 
taining  the  balance  condition  is  im¬ 
portant  for  accurate  results  an 
automatic  balancing  system  is  pro¬ 
vided  that  balances  all  the  ampli¬ 
fiers  sequentially  in  about  a  minute. 

The  accuracy  of  the  amplifier’s 
operation  is  limited  by  the  toler¬ 
ances  of  the  components.  The  in¬ 
put  and  feedback  resistors,  which 
determine  the  multiplication  fac¬ 
tors,  have  a  tolerance  of  0.1  percent 
and  all  other  resistors,  with  the  ex¬ 
ception  of  those  in  the  filtering  net¬ 
works  which  are  not  critical,  are 
temperature  compensated  and  have 
tolerances  of  1  percent. 

I  Integrating  Amplifier 

The  integrating  amplifier  pro¬ 
vides  an  output  -voltage  equal  to 
minus  the  time  integral  of  the  alge¬ 
braic  sum  of  several  input  voltages, 
each  of  which  is  multiplied  by  a 
fixed  factor  as  in  the  summing  am¬ 
plifier.  This  is  achieved  by  the  ar¬ 
rangement  shown  in  the  block  dia¬ 
gram  in  Fig.  IB.  The  following 
relations  in  the  circuit  can  be  writ¬ 
ten,  again  assuming  no  grid  cur- 


Combining  Eq.  16  and  13  gives 

■/: 

)  tidt  —  tic 


rent  and  using 

the  symbols 

as 

before 

• 

to  =  —  lito 

(13) 

e\  —  to  =  IR 

n4) 

eo-eo=  (1/C)  j 

hf  J- 

eidt  +  eic 

o  • 

(15) 

where  C/c  =  —  Co 

at  t  =  0,  or 

the 

initial  voltage  from  which  the  inte¬ 
gration  takes  place.  Eliminating  I 
between  Eq.  14  and  15  gives 


“  Co  4*  (l/RC) 


(l/RC) 


eo  +  («o/m)  +  (V  fjtRC)  I  fodt 


-  (l/RC) 


(17) 


Because  jt  is  very  large,  Eq.  17  can 
be  written 


(18) 


tgdl  tre  (16) 


eo  =  —  (1  RC)  J'  tidt  —  tic 

If  two  input  voltages  are  applied, 
the  output  voltage  is 

eo  =  —  (1  7?iC) ^  eidt  — 

(17?iC)  J'*e,it-e,c  (19) 

where  is  the  input  resistance 
through  which  €i  is  applied  and  R, 
is  that  for  e,. 

The  integrating  amplifier  is  the 
same  as  the  summing  amplifier 
(Fig.  2)  except  for  the  replacement 
of  the  feedback  resistor  by  a  feed¬ 
back  capacitor  and  by  the  use  of 
two  dpdt  relays  in  the  input  circuit 
instead  of  one  spdt  relay  for  the 
summing  amplifier.  When  one  of 
the  two  relays  for  the  integrator  is 
energized,  the  inputs  to  the  ampli¬ 
fier  are  disconnected  so  that  con¬ 
nections  can  be  made  while  setting 
up  a  problem.  When  the  other  re¬ 
lay  is  energized,  the  integrating 
amplifier  is  connected  as  a  summing 
amplifier  with  a  multiplication  of 
one.  The  input  to  the  amplifier  in 
this  condition  is  only  the  initial 
condition  voltage  taken  from  a 
panel-mounted  initial  condition  po¬ 
tentiometer  (Fig.  IC)  and  applied 
at  the  amplifier’s  initial  condition 
input.  This  input  determines  the 
voltage  across  the  capacitor  from 
which  the  integration  starts.  When 
both  relays  are  energized,  the  feed¬ 
back  capacitor  and  resistor  are 
shorted  out  and  the  input  to  the 
amplifier  is  open-circuited,  the  con¬ 
ditions  necessary  for  balancing  the 
amplifier. 

There  are  seven  integrating  in- 
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puts  and  one  initial  condition  input 
for  each  integrating  amplifier.  Be¬ 
cause  the  multiplying  factor  for 
each  integrator  input  equals  1/RC 
(Eq.  19),  by  using  different  input 
resistors  with  a  fixed  one-micro¬ 
farad  capacitor,  different  multiply¬ 
ing  factors  are  obtained.  For 
example,  the  input  with  a  multipli¬ 
cation  factor  of  ten  consists  of  a 
0.1-meg  resistor ;  with  the  l-jif  feed¬ 
back  capacitor.  Thisi  give  \/RC  = 
1/(10*  X  10-*)  =  10.  The  multiply¬ 
ing  factors  of  the  integrating 
amplifier  are  the  same  as  those  of 
the  summing  amplifier;  connections 
are  also  made  by  jacks  on  the  patch 
bay. 

Auxiliary  Circuits 

As  shown  by  the  above  discus¬ 
sion,  the  summing  and  integrating 
amplifiers  develop  outputs  that  are 
opposite  in  sign  to  their  inputs,  and 
offer  only  fixed  multiplications  of 
10,  4,  and  1.  These  limitations  are 
overcome  by  the  inverting  ampli¬ 
fiers,  each  of  which  is  simply  a 
summing  amplifier  with  a  multipli¬ 
cation  factor  of  unity  to  provide  a 
means  of  changing  sign  when  nec¬ 
essary  and  scale  factor  pots. 

The  scale  factor  potentiometers 
(Fig.  ID)  make  intermediate  mul¬ 
tiplication  factors  available.  Each 
of  the  24  scale  factor  potentiom¬ 
eters  is  a  linear  ten-turn  20,000- 
ohm  Micropot  controlled  by  a  dial 
on  the  front  panel  of  the  computer 
unit.  For  each  scale  factor  pot  there 
is  mounted  on  the  patch  bay  an  in¬ 
put  jack  that  is  connected  to  one 
end  of  the  pot  and  an  output  jack 
connected  to  the  tap ;  the  other  end 
of  the  pot  is  grounded.  If  it  is  de¬ 
sired  that  a  signal  input  to  an  am¬ 
plifier  be  multiplied  by  three,  the 
signal  is  connected  to  the  input 
jack  of  a  scale  factor  potentiom¬ 
eter  that  is  set  to  0.75  and  then 
applied  to  a  multiplication  by  four 
jack  of  a  summing  amplifier.  (The 
same  result  could  be  obtained  more 
directly  by  another  design  for  the 
computer,  but  this  method  provides 
considerable  flexibility,  which  is 
essential  to  a  general-purpose  ma¬ 
chine.)  The  whole  range  of  the 
scale  factor  potentiometer  is  cov¬ 
ered  by  ten  turns  of  the  panel  dial, 
which  has  100  divisions.  This  gives 
three-place  accuracy  in  the  setting 
of  the  potentiometer,  but  the  linear¬ 


ity  of  the  pot  has  a  tolerance  of  1%. 

In  many  problems  certain  vari¬ 
ables  cannot  exceed  certain  known 
limits.  Four  limiters  (Fig.  IE)  are 
provided  to  keep  the  signal  voltages 
corresponding  to  these  variables 
between  the  known  upper  and  lower 
limits;  for  example,  the  limits  of 
motion  of  a  shaft  between  two 
stops.  Each  limiter  consists  of  a 
pair  of  biased  diodes  back  to  back 
that  clamp  the  signal  at  the  preset 
limit  if  it  tries  to  exceed  it.  The 
resistor  (0.75  meg)  in  series  with 
the  output  affects  the  multiplication 
factor  of  any  summing  amplifier 
input  to  which  the  limiter  is  con¬ 
nected  by  increasing  its  effective 
input  resistance.  For  example,  if  a 
voltage  is  connected  through  a 
limiter  to  the  multiplication  by 
four  input  of  an  amplifier,  the  to¬ 
tal  input  resistance  will  become  one 
megohm,  giving  unity  feedback  to 
input  resistance  ratio. 

In  addition  to  the  computing  ele¬ 
ments,  there  are  also  an  automatic 
balancing  unit  (mentioned  previ¬ 
ously)  and  an  overload  relay  in  the 
computing  unit.  The  automatic  bal¬ 
ancing  unit  is  provided  so  that  the 
operator  can  balance  a  selected  am¬ 
plifier  or  all  of  them  in  sequence 
by  simply  setting  a  switch  on  the 
front  panel.  When  the  switch  is  set 
to  the  number  indicating  a  particu¬ 
lar  amplifier,  the  input  to  that  am¬ 
plifier  is  opened  and  the  output 
connected  to  a  servo  that  adjusts 
the  bias  of  the  second  stage  of  the 
amplifier  until  its  output  is  zero. 
When  that  amplifier  is  balanced,  if 
the  switch  is  set  in  the  automatic 
position,  the  balancing  unit  steps 
itself  to  the  next  amplifier  in  the 
balancing  sequence,  balances  it,  and 
continues  until  the  sequence  has 
been  completed. 

The  overload  relay  unit  is  incor¬ 


pora  ted.  to  indicate  to  the  operator 
when  and  what  amplifier  is  oper¬ 
ating  outside  the  limits  at  which  it 
will  produce  accurate  results  (be¬ 
tween  plus  and  minus  100  volts). 
The  output  of  each  amplifier  is  con¬ 
nected  to  a  relay  in  the  overload 
unit  that  is  energized  whenever 
the  output  of  that  amplifier  ex¬ 
ceeds  the  100-volt  limit.  If  a  relay 
is  tripped  it  ignites  a  red  light  on 
the  panel  indicating  which  ampli¬ 
fier  has  been  overloaded  and  sounds 
a -warning  gong. 

Using  the  Computor 
• 

The  computer  unit  alone  can 
solve  ordinary  initial-valued  linear 
differential  equations  up  to  the  sev¬ 
enth  order..  The  equation  for  an 
oscillator  presented  at  the  intro¬ 
duction  of  this  article  is  typical. 
Figure  3  shows  the  basic  oscillator 
circuit  to  which  this  equation  ap¬ 
plies  and  the  computer  set  up  to 
solve  it  for  the  case  that 
(r,rC  +  L  -  fiM)/ri-LC  =  16 
(rj.  +  r)/rtLC  =  6.25 
and  the  current  i  is  represented  by 
the  variable  y  with  the  initial  con¬ 
ditions  at  zero  time  of  y  =  0.5  and 
dy/dt  =  0. 

To  set  up  the  computer  the  ele¬ 
ments  are  connected  as  shown  by 
means  of  patch  cords  joining  the 
proper  inputs  and  outputs  through 
the  patch  bay.  All  amplifier  inputs 
are  disconnected  by  means  of  the 
relays  on  the  amplifiers  while  the 
problem  is  being  set  up  and  the 
initial  conditions  prepared.  When 
the  circuit  has  been  completed,  the 
first  initial  condition  set  at  0  volt 
and  the  second  at  5  volts,  a  switch 
is  thrown  setting  the  relays  in  the 
operating  positions.  The  solution 
then  takes  place  and  is  recorded  by 
picking  off  voltages  at  the  outputs 


PIG.  2 — Basic  hiqh-gain  directly  coupled  amplifier  used  in  computer 
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the  amplifier).  The  tap  voltages 
are  controlled  as  for  multiplication, 
but  the  electricM  connection  is  such 
that  the  output  of  the  multiplica¬ 
tion  pot  is 

[{H  -  h)/2H\  2Kx{x/y)  = 

{\-Kiyim)Kt{x/y)  - 
Kx{x/y)  -  KxKiy/m 

where  H  is  the  total  displacement 
from  the  center  to  one  end  of  the 
pot  and  h  is  the  displacement  from 
center  to  the  actual  position  of  the 
movable  contact.  Thus  = 

X,  and  hence  X,  =  100  (X^X,). 
From  Fig.  4C  it  can  be  seen  that 
there  are  two  outputs  containing 
xty. 


omitted  for  simplicity).  Also  cou¬ 
pled  to  the  servo  motor  is  the  mul¬ 
tiplying  pot.  This  basic  arrange¬ 
ment  is  employed  for  multiplication 
and  division. 

Multiplication  is  obtained  with 
the  servo  when  it  is  patched  to  the 
computer  unit  as  indicated  in  Fig. 
4B.  The  output  voltage  z  of  the 
multiplying  pot  is  proportional  to 
its  angular  rotation  and  to  the  vari¬ 
able  voltage  applied  across  it  (y 
voltage).  The  action  of  the  servo 
and  follow-up  pot  is  such  that  the 
voltage  is  proportional  to  the  angu¬ 
lar  rotation  determined  by  the  x 
voltage  and  the  fixed  100  voltage 
applied  across  it,  therefore  z  = 
xy/100.  A  typical  multiplying  servo 
has  one  follow-up  potentiometer, 
four  multiplying  pots,  and  accom¬ 
modations  for  one  functional  pot. 

The  functional  potentiometer  is 
used  to  produce  a  special  complex 
relationship  between  a  dependent 
and  an  independent  variable  that 
cannot  be  produced  otherwise. 
These  relations  are  frequently  em¬ 
pirically  derived  functions  that  are 
too  complex  to  oe  stated  analsrti- 
cally.  The  functional  pot  cocuists  of 
a  stationary  linear  card  and  a  ro¬ 
tatable  cylindrical  form  on  which 
is  glued  a  wire  that  makes  contact 
with  the  linear  card.  A  voltage  is 
connected  across  the  linear  card 
and  the  cylinder  is  rotated  by  the 
servo  motor  so  that  its  rotation  is 
a  function  of  the  input  to  the  servo 
amplifier.  The  curve  that  the  wire 
makes  around  its  cylinder  is  calcu¬ 
lated  to  reproduce  the  desired  func¬ 
tion. 

Division  is  accomplished  with  the. 
multiplying  servo  and  two  invert¬ 
ing  or  sununing  amplifiers  in  the 
computer  unit,  which  are  patched 
to  the  serVo  as  indicated  in  Fig. 
4C.  The  input  consists  of  K^x  and 
K,y  where  Xty  does  not  approach 
zero  too  closely  (that  is,  does  not 
decrease  below  the  noise  level  of 


of  the  appropriate  amplifiers.  When 
tfie  solution  is  no  longer  of  inter¬ 
est,  the  switch  is  thrown  back,  open¬ 
ing  the  inputs  and  resetting  the 
initial  conditions.  To  obtain  fam¬ 
ilies  of  solutions  the  potentiometer 
settings  are  changed  to  the  next  set 
of  conditions  and  the  next  solution 
obtained  without  disturbing  the 
connections.  In  this  way  a  large 
group  of  solutions  can  be  de- ' 
termined  in  a  very  short  time. 

Servomechanisms  Unit 

The  function  of  the*  servomecha- 
uisms  unit  is  to  multiply  and  divide 
two  or  more  variables,  multiply  by 
trigonometric  and  special  func¬ 
tions,  and  resolve  and  add  vectors. 
This  unit  contains  two  multiplying 
servos  and  two  resolving  servos. 

The  multiplying  servo  block  dia¬ 
gram  is  shown  in  Fig.  4A.  The  d-c 
signal  servomechanism  amplifier 
contains  a  vibrator  in  its  input  that 
converts  the  d-c  signal  to  a-c.  The 
rest  of  the  amplifier  consists  of 
three  stages  of  push-pull  amplifica¬ 
tion.  The  a-c  output  drives  the  10- 
watt  Diehl  induction  motor  whose 
shaft  is  coupled  to  the  input  of  the 
foUow'up  potentiometer,  which  is 
a  linear  Helipot  whose  output  is 
coupled  back  to  the  input  of  the 
aervo  amplifier.  As  long  as  there  is 
any  difference  between  the  signal 
voltage  and  the  foUow-up  voltage, 
a  driving  a-c  voltage  will  be  de- 
'*vered  to  the  servo  motor  with 
such  phase  as  to  drive  it  to  the  posi¬ 
tion  at  which  the  follow-up  voltage 
equals  the  signal  voltage.  In  this 
way  the  setting  of  the  follow-up 
pot  and  the  servo  motor  is  deter¬ 
mined  by  the  d-c  signal  input.  The 
tachometer  that  is  also  coupled  to 
the  servo  motor  produces  a  d-c  volt¬ 
age  that  is  fed  back  to  a  network  in 
the  servo  amplifier  so  as  to  damp 
the  response  of  the  servo  system  to 
prevent  hunting  and  oscillation  (on 
the  rest  of  Fig.  4  this  has  been 


Vector  Resolution 

The  resolving  »“rvo  also  provides 
convenient  vector  component  resolu¬ 
tion  and  vector  addition.  The  block 
diagram  of  this  unit  is  shown  in 
Fig.  4D.  The  type  of  operation  is 
determined  by  the  position  of  the 
switch.  With  the  switch  thrown  to 
the  left  as  shown,  component  res¬ 
olution  is  obtained;  with  it  to  the 
right,  vector  addition  is  obtained. 

For  component  resolution  when 
three  inputs  x,  y,  and  9  are  fed  into 
the  servo,  (y  sinS  -H  x  cos9)  and 
(y  cos#  —  X  sin#)  appear  as  out¬ 
puts.  The  heart  of  this  manipula¬ 
tion  is  the  magnetic  resolver  which 
uses  only  a-c  signals.  To  convert 
the  d-c  input  signals  to  a-c  signals 
whose  amplitudes  are  proportional 
to  the  inputs,  the  x  and  y  signals 
are  fed  to  potentiometer  follow-up 
servos  such  as  the  one  used  in  the 
multiplying  servo.  The  shaft  of  the 
servo  motor  is  coupled  to  a  linear 
pot  across  which  is  30  alternating 
volts.  The  output  of  the  x  pot  is 
z  =  X  (30/100)  alternating  volts. 

The  outputs  of  these  potentiom¬ 
eters  are  fed  through  isolating  am¬ 
plifiers  to  the  two  primary  (stator) 
windings  of  the  magnetic  resolver. 
These  windings  are  in  space  quad¬ 
rature  and  each  signal  produces  a 
quadrature  magnetic  field  propor¬ 
tional  to  its  amplitude.  On  the  rotor 
of  the  resolver  are  wound  the  two 
secondary  windings,  also  in  space 
quadrature.  The  position  of  the 
rotor  is  controlled  by  the  6  signal 
through  another  potentiometer  fol¬ 
low-up  servo.  The  voltage  induced 
across  the  one  secondary  is  Xi  = 
KiX  sin#  +  cos#  and  across 
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In  this  operation  two  signals  x 
and  y  are  fed  into  the  servo  and 
(x*  +  y*)*'*  is  produced  as  the  out¬ 
put.  The  6  input  is  not  connected, 
which  leaves  it  grounded.  The  x 
and  y  signals  are  fed  in  as  before. 
However,  because  the  switch  which 
is  now  to  the  right,  the  x  com¬ 
ponent  out  of  the  magnetic  resolver 
is  connected  to  the  X-demodulator, 
through  an  avc  amplifier  and  back 
to  the  input  of  the  rotor  position¬ 
ing  servo.  This  feedback  drives 
the  magnetic  resolver  rotor  until 
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the  other  it  is  Et  =  Kiy  cosfl  — 
K-,y  sin#. 

'rhe.se  are  a-c  signals,  however, 
and  must  be  demodulated  before 
they  can  be  used  in  the  computer 
unit.  The  Ei  output  is  fed  directly 
through  the  linear  Y-demodulator 
and  a  filter  network  to  give  one  out¬ 
put  component.  The  Et  output  is 
connected  to  the  linear  X-demodu¬ 
lator  and  its  filter  through  the 
switch  to  give  the  other  component 
output.  The  system  is  so  designed 
that  Kx  and  Kt  both  equal  unity  and 
the  outputs  are  as  desired.  If  only 
y  sin#  and  y  cos#  are  desired,  the 
X  input  is  grounded  so  that  x  terms 
drop  out. 


and  thus  tan#  =  K^y/K^x.  There¬ 
fore 

iKtx)» 

KKxy)*  +  (Ktxn/*  ” 

a.s  the  output  from  the  remaining 
secondary  of  the  magnetic  resolver. 
This  signal  is  fed  through  the  Y- 
demodulator  and  filter  so  that  the 
output  is  (y*  +  *•)''*.  The  avc  am¬ 
plifier  is  provided  to  make  the  re¬ 
sponse  of  the  servo  independent  of 
the  level  of  the  signals. 

The  recorder  unit  consists  of  a 
direct-inking  six-channel  oscillo¬ 
graph  with  a  synchronous  motor 
drive.  Each  channel  has  a  d-c  ampli¬ 
fier  whose  gain  is  variable  in  dis¬ 
crete  steps  so  that  the  pen  defiec- 
tion  is  variable  from  0.1  volt  per 
division  to  10  volts  per  division. 
The  frequency  response  of  the  pen 
motor  is  essentially  constant  from 
zero  to  30  cps.  The  equivalent  of 
higher  frequencies  is  obtained  by 


FIG.  4 — ServomechaniBiiM  manipulate  rariablei  and  yectors 


extending  the  time  scale.  For  ex¬ 
ample,  to  record  a  30-kc  signal,  a 
second  of  recorder  time  is  set  equal 
to  a  thousandth  of  a  second  of  real 
time  and  0.001 1  is  substituted  for  t 
in  the  equations  to  be  solved.  The 
recorder  unit  contains  its  own 
power  supply. 

The  separate  power  supply  cab¬ 
inets  for  the  computer  and  servo¬ 
mechanism  units  contain  the  recti¬ 
fiers  and  regulators  to  produce  the 
closely  regulated  voltage  required. 
All  voltages  supplied  to  the  d-c  am¬ 
plifiers  in  the  computer  unit  are  di¬ 
rect  including  the  filament  voltages. 
The  power  supply  cabinets  need  not 
be  close  to  the  other  units ;  the  only 
controls  on  them  are  the  power 
switches. 

While  the  REAC  is  not  the  only 
computer  capable  of  solving  dif¬ 
ferential  equations,  it  is  the  first 
successful  commercial  electronic 
computer  of  this  type.  The  accuracy 
of  the  REAC  is  comparable  with 


that  of  the  highest  grade  of  elec¬ 
tromechanical  systems.  Besides, 
because  it  employs  electronic 
circuits,  it  has  many  advantages 
over  electromechanical  analyzers. 
The  REAC  is  produced  at  a 
twentieth  of  the  cost,  occupies 
a  twentieth  the  space,  and  operates 
about  twenty  times  faster  than  a 
comparable  electromechanical  com¬ 
puter.  All  the  controls  and  inter¬ 
connections  are  on  the  front  panel 
of  the  equipment.  There  are  no 
gears  or  parts  to  change  in  setting 
up  a  problem.  Additional  units  can 
be  connected  to  extend  the  capacity 
of  the  system.  The  amplifiers  are 
mounted  on  separate  chasses  that 
are  plugged  into  the  computer; 
they  are  interchangeable  so  that  if 
one  fails  it  can  bt  quickly  replaced 
by  a  spare.  Models  of  the  REAC, 
■  operated  for  more  than  a  year,  have 
been  out  for  repair  and  mainte 
nance  less  than  five  percent  of  the 
time. 


July,  194#— ELECTRONICS 


FUNTCNAL  OR  LINEAR 
POTENTIOMETERS  AS 
REOUIREO 

«  V  IN 


>  ,  ,  INVERTINGI 
I  AMPUFCR 


FIRST  OUTPUT  T,(v)5jJL  SECOND  OUTPUT  '  k,  ■ 


MAGNETIC  RESOLVER 


ISOLATION 

amplifier 


ysiNe+icose 


WIRE-WOUND  VARIABLE  RESISTORS 


DIMENSIONS,  STANDARD  TAPERS  AND  ELECTRICAL  CHARACTERISTICS  OF  TYPES  M,  C  AND  E 


“hV 

r  • ' 

r-y- 

tz 

. .  T 

r: 

w—L 

1  - 

--  4-^ 

\ 

\ 

>  4 

- 

MCniCAl  CHARACTEIISnCS  .  .  . 

TYPES  M,  C  W  E 

I.  Raibtanc*  valuasi  Typ«  M — ^  olm  to 
70,000  ohms;  Typ*  C — 6  to  10,000 
ohfflt  (Hnaor); Typ*  E — 100  to  ISO,000 
ohms. 

Z  Standard  r*iistane*  tol*ranc*i  ±10% 
(tp*cial  tol*ranc*t  avaNobl*) 

X  Tapmrtt  S**  curv* 

4.  Rh*ostat  (Typ*s  M  &  Ch  With  or  wM>> 
out  "off"  position 

X  Wottog*  rating  (Typ*  M)i  4  watts 
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TYPE  M  IS  USED  WHERE  PaWER  DISSIPATION  UP  TO  4  WATTS 
IS  REQUIREO.  , 


TYPE  C  IS  A  SMALL  2  WATT  UNIT,  USED  AS  A  METER  COM 
PENSATOR,  MINIATURE  MOTOR  CONTROL  AND  LIGHT  DIMMER 
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TYPE  E,  RATED  AT  7  WATTS.  IS  WIDELY  USED  IN  PRECISION 
INSTRUMENTS.  RESISTANCE  BRIDGES  AND  OTHER  CIRCUITS 
REQUIRING  ACCURATE  SETTINGS. 


,  l/»  32C 
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Prompt  Delivery  on  Standard  Types 
Quiek  Design  Service  on  Specials 

Generous  stocks  are  normally  maintained  on  these  three  standard 
types  and  production  capacity  is  available  at  short  notice  for  quantities 
above  "shelf  order”  level. 

For  "specials”  of  any  type,  Mallory  offers:  1)  design  assistance  by 
engineers  with  long  records  of  accomplishment  in  developing  electronic 
components  of  special  sizes,  shapes,  capacities  and  functions;  2)  a  manu¬ 
facturing  set-up  that  can  tool-up  and  get  into  production  in  the  shortest 
possible  time  after  design  is  approved. 

Mallory  wire-wound  resistors  are  metal  enclosed  for  rapid  heat  dis¬ 
sipation  and  electrostatic  shielding.  Approved  Precision  Methods  control 
the  winding  and  assure  long,  noise-free  life.  Standard  units  are  insulated 
for  1,000  volts  D.C.  breakdown  to  ground  and  are  available  for  high  volt-  t  a 

age  applications.  Oeugnedto 

Both  "standards”  and  "specials”  are  made  according  to  Mallory’s  network,  u, 
high  standard  of  accuracy,  and  required  to  pass  the  rigid  inspection  checks  moti 

that  continuously  maintain  the  dependability  of  Mallory  Approved  Pre-  %e^„  a, 
cision  Products. 


T  AND  1  PAD  ATTtNUATORS 

Deugned  to  provide  impednnct  matching  beiwem 
the  input  and  output  oj  audio  circuits  or  resistive 
networks  to  secure  maximum  power  transfer  and 
avoid  distortion.  They  are  used  in  record  players^ 
sound  motion  picture  equipment  and  various 
other  audio  distribution  systems  where  ssultiplg 
speakers  are  used. 


LLkVn  I  RESISTORS 
(FIXED  AND  VARIABLE) 


P.'R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


FOR  PERSONAL  REFERENCE 

W rite  in  for  your  copy  of  MuUorjfu 
newetl  engineeriug  data  foider  «i 
V ariable  KenUort. 
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Single^Signal  Single-Sideband  Adaptor 

By  E,  W.  Rosentreter 

Specialty  Division 
General  Electric  Co. 

Electronics  Park 
Syracuse,  New  York 


An  ordinary  superheterodyne  re¬ 
ceiver  will  demodulate  a  single  side¬ 
band  signal  and  its  accompanying 
carrier  so  long  as  the  ratio  of  car¬ 
rier  amplitude  to  sideband  ampli¬ 
tude  is  kept  sufficiently  large, 
though  not  without  distortion.  If, 
however,  the  carrier  is  attenuated 
below  a  critical  value,  complete  un¬ 


intelligibility  will  result.  Com¬ 
mercial  single-sideband  transmit¬ 
ters  now  in  operation  attenuate  the 
carrier  20  db  below  the  sideband 
level  to  conserve  power  and 
simplify  equipment. 

If  a  communications  type  of  re¬ 
ceiver  is  used  to  demodulate  this 
type  of  signal  some  means  of 


carrier  reinforcement  in  the  re¬ 
ceiver  is  necessary.  This  can  be 
done  conveniently  at  the  intermedi¬ 
ate  frequency  by  using  the  re¬ 
ceiver’s  beat  frequency  oscillator  to 
exalt  the  carrier.  Exact  tuning  is 
required,  as  well  as  excellent  stabil¬ 
ity  of  transmitter  frequency,  re¬ 
ceiver  local  oscillator  frequency  and 
beat  frequency  oscillator.  If  the 
frequency  of  any  of  these  varies,  an  . 
audio  beat  will  be  produced. 

If  the  carrier  is  completely  sup¬ 
pressed,  then  the  received  single¬ 
sideband  signal  can  be  satisfac¬ 
torily  demodulated  only  if  the  beat 
frequency  oscillator  supplies  the 
missing  carrier.  The  critical  value 
between  the  synthetic  carrier  and 
the  signal  must  be  maintained  or 
exceeded  for  acceptable  results. 
Since  it  is  difficult  to  control  accu¬ 
rately  the  frequencies  of  the  oscil¬ 
lators  in  both  transmitter  and 
receiver,  other  arrangements  usu¬ 
ally  are  resorted  to  in  conventional 
single-sideband  receivers. 

Figure  1  shows  in  block  form  a 
simple  receiver  system  using  low- 
frequency  filters.  With  this  ar- 
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DIEFLEX  PRODUCTS  LIST 

MADE  WITH  BRAIDED  COTTON  SLEEVING  BASE 

VTA  Grade  A-1  Magneto  Grade  Varnished  Tubings 
VTA  Grade  B-1  Standard  Grade  Varnished  Tubings 
VTA  Grades  C-1  and  C*2  Heavily  Coated  Saturated  Sleevings 
VTA  Grade  C-3  Lightly  Coated  Saturated  Sleevings 
Heavy  Wall  Varnished  Tubings  and  Saturated  Sleevings 

MADE  WITH  BRAIDED  FIBERGLAS  BASE 
VTA  Grade  A-1  Magneto  Grade  Varnished  Fiberglas  Tubings 
VTA  Grade  C-1  Extra  Heavily  Saturated  Fiberglas  Sleevings 
VTA  Grade  C-2  Heavily  Saturated  Fiberglas  Sleevings 
VTA  Grade  C-3  Lightly  Saturated  Fiberglas  Sleevings 
Silicone-Treated  Fiberglas  Varnished  Tubings  and  Sleevings 
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The  wide  range  of  Dieflex  Varnished  Tubing  and  Sleev¬ 
ing  products  offers  a  big  advantage  in  production  because 
the  correct  grade,  color,  and  size  is  easily  chosen  from  the 
complete  line  available. 

You're  protected,  too,  by  the  uniformly  high  standard 
of  quality  to  which  Dieflex  Varnished  Products  are  made. 
Every  piece  is  saturated  with  oleoresinous  impregnating- 
type  baking  varnish,  and  each  one  has  the  same  inherent 
adva  ntages  of  extreme  flexibility,  smooth  inside  bore,  and 
many  other  excellent  electrical  and  physical  qualities. 

Dieflex  Tubing  Products  are  available  with  either  a  cot¬ 
ton  or  glass  braid  base  to  meet  every  insulation  require¬ 
ment.  When  you  specify  Dieflex,  you  get  the  proven 
advantage  of  a  superior  tubing  product. 
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Los  Angeles  13,  Cal.  *  San  -Francisco  7,  Cal.  *  Seattle  4,  Wash. 


rangement,  double  conversion  is 
necessary  to  change  the  higher 
radio  frequencies  used  for  com¬ 
munications  down  to  the  frequency 
of  the  filter. 

The  purpose  of  the  two  oscil¬ 
lators  is  to  enable  the  pass-band 
filter  to  accept  i!ie  desired  side- 


EIG.  1 — FUtcr  type  of  singlo-iidobond 
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band,  whether  it  be  upper  or  lower. 
This  is  done  by  switching  one  or 
the  other  oscillator  into  the  second 
converter  circuit. 

Another  single-sideband  system, 
relatively  simple  in  circuit  ele¬ 
ments,  is  shown  in  Fig.  2.  This 
arrangement  is  used  in  the  General 
Electric  Single  Sideband  Selector. 
Reception  of  a  single-sideband  sig¬ 
nal  with  or  without  carrier,  and 
selection  of  one  or  the  other  side¬ 
band  in  a  conventional  a-m  signal, 
are  among  the  types  of. transmis¬ 
sion  which  the  system  handles. 

Principle  of  Operation 

Assume  that  a  conventional  a-m, 
double  sideband  signal  is  being  re¬ 
ceived.  Referring  to  Fig.  2,  the 
signal  from  the  receiver  i-f  chan¬ 
nel,  containing  carrier  and  both 
sidebands,  is  fed  into  two  special 
detectors;  1  and  2.  Voltage  from 
an  oscillator  operating  at  the  same 
frequency  as  the  i-f  channel  is  also 
fed  into  the  two  detectors.  A  fixed 
phase  shift  of  90  degrees  exists  be¬ 
tween  the  oscillator  voltage  applied 
to  detector  1  and  detector  2. 

The  oscillator  voltage,  or  synthetic 
carrier,  is  many  times  greater 
in  magnitude  than  the  incoming 
signal  voltage.  Thus  the  two  de¬ 
tectors  demodulate  the  incoming 
signals  at  an  effective  low  modula¬ 
tion  factor  and  distortion  products 
are  small.  Identical  audio  signals, 
corresponding  to  the  sideband  in¬ 
telligence  are  obtained  from  the 


two  detectors,  except  for  a  90-de¬ 
gree  phase  difference  between 
them.  The  amplitude  of  these  sig¬ 
nals  is  directly  proportional  to  the 
amplitude  of  the  sideband  intel¬ 
ligence. 

The  audio  voltages  are  fed  into 
phase-shift  networks  A  and  B, 
where  they  undergo  an  additional 
90-degree  relative  phase  shift.  The 
two  outputs  are  fed  into  a  sum  and 
difference  circuit,  where  they  are 
added  or  substracted  algebraically. 

It  can  be  shown  that  the  sum  con¬ 
tains  only  upper  sideband  informa¬ 
tion,  for  example,  and  that  the 
difference  contains  only  lower  side¬ 
band  information.  (See:  Simpli¬ 
fied  Single-Sideband  Reception  0. 
G.  Villard,  Jr.’  Electronics,  May 
1948.)  Selection  of  one  or  the 
other  is  easily  done  by  a  switch, 
which  selects  the  additive  or  sub¬ 
tractive  process.  The  same  switch 
also  selects  an  output  containing 
both  sidebands. 

Lattice  Networks 

Since  the  oscillator  operates  at 
one  frequency  only,  it  is  quite 
simple  to  create  and  maintain  a  90- 
degree  phase  shift  of  its  voltage  ‘ 
for  application  to  detector  2.  To  be 
of  any  practical  value,  the  side¬ 
bands  must  be  wide  enough  to 
carry  the  desired  intelligence.  Sup¬ 
pose  for  instance  that  an  audio 
voice  frequency  range  of  100  cycles 
to  4,000  cycles  is  desired.  Then  the 
two  sidebands  will  each  be  up  to 
4,000  cycles  wide,  so  that  the  A  and 
B  networks  must  maintain  a  90- 
degree  phase  difference  over  the 
full  100  to  4,000-cycle  audio  band. 
The  wideband  phase-shift  networks 
were  devised  by  R.  B.  Dome,  and 
were  described  in  detail  in  Elec¬ 
tronics,  December  1946.  Briefly, 
the  manner  in  which  they  function 
is  that  pha.se  shift  increases  nearly 


linearly  with  the  logarithm  of  the 
frequency.  Thus 

Phase  A  =  FC  +  log  / 

Phase  B  =  K  +  log  tf 
Substracting  phase  B  from  phase  A 
(f>A  -  if>B  =  K  +  log  f  -K  -  log  tf 
-  log  f  -  log  /  -  log  t 
=  —log  t 

where  K  and  t  are  constants 
and  f  is  the  frequency.  Thus  the 
difference  in  phase  shifts  between 
A  Network  and  B  Network  is  a 
constant,  regardless  of  frequency. 

With  two  networks  composed  of 
three  RC  lattices  as  shown  in  Fig.  3 
and  through  proper  choice  of  com¬ 
ponent  values,  a  frequency  cover¬ 
age  ratio  of  100  to  1  may  be  accom¬ 
plished.  Figure  4  shows  that  al¬ 
though  the  applied  voltages  undergo 
total  phase  shifts  up  to  several 
hundred  degrees,  depending  on  fre¬ 
quency,  the  difference  in  phase  shift 
between  the  two  outputs  is  approxi- 


FIG.  3 — Three-lattice  A  or  B  phase-ehiit 
audio  network 


mately  90  degrees  over  a  very  wide 
range.  This  difference  can  be 
made  to  extend  from  50  to  5,000 
cycles  per  second,  or  it  may  be  from 
250  to  25,000  cycles  per  second,  for 
example. 

The  choice  of  frequencies  of  say 
50  to  5,000  cycles  per  second  does 
not  mean  that  the  phase-shift  net¬ 
works  will  not  pass  frequencies 
beyond  this  range  (higher  or  lower 
in  frequency).  It  means  simply 

(continued  on  p  140) 


FIG.  2 — Stags  arrangement  of  the  General  Electric  Selector  unit  for  adding  to  a  conven¬ 
tional  communications  receiver 
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Magnavox  Opens  Modem 
Mew  Loud  Speaker  Factory 
In  Paducah,  Kentucky 


Tht  Mogmafex  Ctmpaxy  »f  Ktntmckj,  at  Padmcah 


NOW  Magnavox,  pioneer  manufacturer  of 
the  electrodynamic  speaker,  further  ex¬ 
pands  its  facilities  with  the  nation’s  most 
modern  loud  speaker  factory.  This  great  new 
plant,  now  in  full  operation,  is  turning  out 
world-famous  Magnavox  speakers  at  a  greatly 
accelerated  pace. 

Built  exclusively  for  the  most  efficient  manu¬ 
facture  of  loud  speakers,  this  2V^-acre  Mag¬ 
navox  Paducah  factory  is  a  marvel  of  engi¬ 
neering  achievement.  Everything  from  the 
building  itself,  to  the  equipment  and  method 
of  line  assembly  used,  is  new  and  modern— 


specially  designed  by  Magnavox  engineers. 

All  the  skill  and  experience  Magnavox  has 
amassed  in  thirty-three  years  of  service  to  the 
radio  industry  combine  to  make  this  modern 
new  plant  a  model  of  production  efficiency. 


Write  Jor  complete  new  speaker  catalog. 

The  Magnavox  Company 
Sales  and  Engineering  Offices 
Components  Division 
Fort  Wayne  4,  Indiana 


There  Are  Over  700  Different  Magnavox  Speaker  Models! 
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TITANATE  I 
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ROCHELLE  I 


TITANATE 
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TITANATE  I 


QUARTZ 


THE  ELECTRON  ART 


Edited  by  FRANK  ROCKETT 


A  SIGNIFICANT  recent  development 
in  the  capacitor  field  was  the  dis¬ 
covery'  of  barium  titanate  ceramics 
with  a  dielectric  constant  (specific 
capacity)  of  1,500  which  can  be 
raised  to  10,000  by  the  addition  of 
strontium  titanate,  at  the  price  of 
large  variations  with  temperature*. 
Small  single  crystals  of  barium 
titanate  have  recently  been  grown 
and  shown  to  be  piezoelectric*,  but 
they  are  a  highly  refractory  mate¬ 
rial  melting  near  3,000  F,  and  their 
commercial  production  seems  re¬ 
mote.  The  following  discussion 
will  show  that  barium  titanate 
nevertheless  is  a  promising  new 
material  for  electromechanical  de¬ 
vices. 

“Piezoelectric”  Ceramics 
Ordinary  piezoelectricity  is  asso¬ 
ciated  with  single  crystals,  but  in 


ceramic  materials  consisting  of 
many  randomly  oriented  small  crys¬ 
tallites,  a  deformation  proportional 
to  the  square  of  an  applied  field  and 
a  dependence  of  capacitance  on  the 
applied  field  can  be  expected.  Usu¬ 
ally  these  electrostrictive  actions 
are  minute,  but  in  the  titanate 
ceramics  they  become  usefully 
large. 

If  such  ceramics  are  maintained 
under  electric  bias  they  will  show 
a  linear  electric  response  to  a  vi¬ 
brating  force  and  also  a  lienear 
mechanical  response  to  an  electri¬ 
cal  signal  superimposed  on  the  d-c 
bias.  For  instance,  a  barium-stron¬ 
tium  titanate  plate  of  dielectric 
constant  5,000  maintained  under 
2,000  volts  per  inch  raised  by  one- 
millionth  of  its  thickness  when  a 
signal  field  of  800  volts  per  inch 


Companion  oi  olectrical  and  mechanical  properties  of  piesolectric  materials 


Properties  of  Electromechanical .  . 

Measurements  Made  on  Laboratory  Model  Airplane . . 

Phototube  Amplifier  for  Measuring  UV  Radiation . 

Electronic  Camera  Shutter .  . 

Dynamic  Sound  Reproduction  of  Harmonic  Distortion 

Oil  Impregnated  Capacitors . 

Survey  of  New  Techniques . 


Properties  of  Electromechanical  Ceramics 

By  Hans  Jaffe 

Head,  Crystal  Research  Department 
The  Rrush  Development  Company 
Cleveland,  Ohio 
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TECHNICAL  BIBLIOGRAPHIES 

Biblk>9rophic%  of  technical  subjects 
are  available  from  several  sources. 
These  bibliographies  can  save  much 
time  in  making  literature  searches  and 
in  conducting  investigations  related 
to  other  work  the  results  of  which 
hove  already  been  published. 

A  pool  of  unpublished  bibliographies 
has  been  collected  by  the  Special 
Libraries  Association.  These  bibliog¬ 
raphies,  compiled  by  technical  librar¬ 
ians,  are  on  diversified  subjects  in 
both  scientific  and  engineering  fields. 
A  complete  list  can  be  obtained  from 
R.  H.  Hopp,  chairman  of  the  SLA 
Bibliography  Committee,  at  the  Bet- 
telle  Memorial  Institute  (Columbus, 
Ohio)  where  the  bibliographies  are 
housed;  he  is  also  interested  in  other 
unpublished  bibliographies  that  could 
be  included  in  the  pool. 

The  Office  of  Tech.  Services,  U.  S. 
Dept,  of  Commerce  (Washington, 
D.  C.)  has  available  a  1,200  item 
bibliography  and  index  of  reports 
based  on  field  investigations  of  Ger¬ 
man  science  and  industry  (PB-86(X)0, 
mimeographed  $5.00),  a  523  entry 
bibliography  of  declassified  American 
and  British  reports  on  atomic  energy 
(PB-87782,  mimeographed  $0.75),  and 
numerous  other  bibliographies,  which 
are  available  free  of  charge,  on  such 
subjects  as  ceramics,  infrared  devices, 
magnetic  wire  and  tape  recorders, 
pyrometers,  and  selenium  rectifiers. 

The  Engineering  Societies  Library 
(New  York  City)  and  other  technicol 
libraries  make  literature  searches  and 
compile  bibliographies  on  order  as  a 
regular  part  of  their  service  to  indus¬ 
try.  Such  bibliographies  provide  a  key 
to  the  wealth  of  knowledge  that  has 
been  accumulated  in  recent  years. 


was  superimposed  over  the  bias 
field.  A  similar  experiment  car¬ 
ried  out  with  essentially  pure  bar¬ 
ium  titanate  leads  to  a  significant 
result;  If  the  biasing  voltage  is 
sufficiently  high,  (about  30,000 
volts  per  inch),  the  medium  will 
remain  in  its  polarized  state  after 
the  bias  field  has  been  removed*. 
It  then  shows  a  “piezoelectric” 
activity  like  a  piezoelectric  crystal 
element. 

The  appreciable  electromechani¬ 
cal  effects  in  barium  titanate,  in 
combination  with  its  other  proper¬ 
ties,  offer  an  inviting  field  for  en¬ 
gineering  endeavor.  The  ceramic 
shows  a  general  chemical  stability 
and  resistance  to  moisture  compar¬ 
able  to  other  good  ceramics.  It 
withstands  extreme  temperatures 
without  chemical  change  or  physi¬ 
cal  destruction.  Temperatures  above 
250  F  remove  remanent  polariza¬ 
tion  but  higher  temperatures  can 
be  used  in  constructing  transducers 
before  they  are  polarized.  Unfor- 
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BOONTO 


RADIO 


BOONTON-N  J-  U  S  A 


A  NEW  AMPUTUDE  MODULATED  ^Al  GENERATOR 

Type  2n-A  •  Frequency  Range  88-140  Megacycks 


Output  Frequency  Crystal  Monitored 
Amplitude  Modulation  0-100% 
Modulation  Fidelity  ±0.5  db 
30  cycles  to  11  kilocycles 
Negligible  Spurious  FM  . 


The  Type  211 -A  Signal  Generator  is  specifically  designed  for  the  testing 
and  calibrating  of  omni-range  radio  receiving  equipment.  It  is  also  well 
suited  for  laboratory  and  development  work  where  a  precision  type 
amplitude  modulated  R.  F.  signal  source  is  required. 

Careful  consideration  has  been  given  to  the  location  of  panel  controls 
with  respect  to  function  and  degree  of  use.  The  main  frequency  dial  is 
located  in  the  center  of  the  panel,  with  the  vernier  dial  to  the  left  in 
close  proximity,  utilizing  the  same  Rducial  for  simplicity  and  eose  of  opera¬ 
tion.  Symmetrically  located  to  the  right  of  the  frequency  dial  is  the  output 
attenuator  dial,  directly  calibrated  in  microvolts.  The  center  panel  enclo¬ 
sure  embodies  those  controls  which  the  operator  will  have  the  greatest 
occasion  to  use,  permitting  rapid,  accurate  settings  to  be  made  with  max¬ 
imum  convenience. 

The  calibration  accuracy  of  the  frequency  dial  settings  is  ±0.25%  at  any 
point;  however  since  crystal  controlled  frequencies  are  also  available 
within  the  instrument,  zero  beats  may  be  obtained  from  which  the  output 
frequency  may  be  standardized  to  an  accuracy  of  about  ±0.025%  by  slipping 
the  vernier  frequency  dial  with  respect  to  the  main  frequency  dial.  This 
feature  permits  the  identification  and  checking  of  channel  frequencies 
diffeting  by  as  little  as  100  kc. 

_  Write  lector  for  cempfetc  detail$f 


SPECIFICATIONS 

FREQUENCY  RANGE;  Mailer  Oicillotor;  8S-140  megacyclei  in  one 
range.  Vernier  frequency  diai  hat  100  divitiant  and  it  coupied  to, 
the  main  tuning  capacitor  through  a  120:1  gear  drive.  Each  vernier 
diviiion  it  equivaieni  to  a  10  kc.  change  in  frequency. 

Cryttai  Canirolied  rrequenciet:  Either  of  two  crytlolt  110.100  me. 
and  114.900  me.,  accurate  to  ±0.0035%,  may  be  teieefed  by  a 
iwHch  for  ute  individually  or  in  combination  wHh  the  matter  otcil- 
loler  to  ttondordize  Ht  output  frequency. 

AMPLITUDE  MODULATION  CHARACTERISTICS:  Two  ampIHude 
modulation  ranget,  0-30%  and  0-100%,  are  previded  for  ute  with 
the  internal  atcillalor  or  a  low  dittortion  external  etcillolor.  Oit- 
lertion  it  5%  or  lett  at  9S%  amplitude  medulalion. 

Internal  Audia  Otciliotor:  Two  modulating  frequenciet,  400  and 
1000  eyelet. 

Modulation  Amplifier:  The  internal  modulating  amplifier  hat  the 
following  choracteritlict; 

Uniform  retponte  within  ±0.5  db.  30  eyelet  to  1 1  kc. 
Uniform  retponte  within  ±0.1  db.  90  eyelet  to  150  eyelet. 
Uniform  retponte  within  ±0.1  db.  9500  eyelet  to  10.5  kc. 
Phote  Ditlortion;  (up  to  60%  amplitude  modulation.) 

Lett  than  0.25  degreet  at  30  eyelet. 

Lett  than  10  degrmt  at  1 1  kc. 

AUDIO  TEST  VOLTAGE:  Thit  inttrument  conlaint  a  demodulator 
or  detector  which  tuppliet  to  front  panel  terminalt  a  portion  of 
the  demodulated  carrier. 

SPURIOUS  FM:  Lett  than  1  kc.  at  60%  AM. 

OUTPUT  ATTENUATOR:  Single  ended  pitton  type,  adjutloble  from 
C.?  voH  to  0.1  microvolt.  Output  impedonce  at  teen  looking  In  at 
terminal!  of  output  coble  it  26.5  ohmi. 


DESIGNERS  AND  MANUFACTURERS  OF  THE  Q  METER  >  QX  CHECKER 
FREQUENCY  MODULATED  SIGNAL  GENERATOR  •  BEAT  FREQUENCY 
GENERATOR  AND  OTHER  DIRECT'  READING  INSTRUMENTS 
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tunately  the  material  is  rather 
fragile  in  thin  shapes. 

Comparison  of  Piezoelectrics 

Polarized  barium  titanate  has 
two  important  piezoelectric  modes. 
One  is  a  compressional  mode  paral¬ 
lel  to  the  electric  field  suitable  for 
producing  and  detecting  ultrasonic 
waves  much  as  quartz  X-cut.  The 
other  is  a  lateral  compression  mode 
which  can  be  used  in  bending  as¬ 
semblies  similar  to  Rochelle  Salt 
bender. 

The  diagram  gives  operating 
values  referred  to  unit*  size  of  fully 
polarized  barium  titanate  com¬ 
pared  to  crystals  now  in  use.  In 
current  output  for  a  given  applied 
force  barium  titanate  is  ahead  of 
quartz  by  a  factor  70,  but  in  open- 
circuit  voltage  it  is  lower  by  a 
factor  of  five.  Rochelle  salt  is  ahead 


of  barium  titanate  in  all  three  pie¬ 
zoelectric  coefficients  shown,  but 
the  gap  is  rather  small  in  open-cir¬ 
cuit  voltage  output  for  given  mo¬ 
tion  input,  as  in  a  phonograph 
pickup  with  good  mechanical  coup¬ 
ling.  Design  of  titanate  transduc¬ 
ers  must  take  account  of  these 
properties.  A  phonograph  pickup 
element  for  instance  should  be 
made  narrow  to  balance  the  high 
stiffness  coefficient.  The  high  di¬ 
electric  constant  assures  adequate 
capacitance. 

Novel  shapes  of  transducers  not 
procurable  from  conventional  crys¬ 
tals  may  be  made  of  barium  titan¬ 
ate  by  forming  before  firing*. 

Much  remains  to  be  learned 
about  the  control  and  the  stability 
of  the  titanatqs  as  transducer  ma¬ 
terials,  but  they  are  on  their  way 
to  become  an  important  addition 


to  the  f?>mily  of  piezoelectric 
materials, 

(1)  Tiuuiium  Alloy  Mfg.  Co.,  Electrical 
Keports  No.  8,  9  (1948)  and  10  (1943)  b> 

E.  Walner  and  co-workers. 

(8)  A.  von  Hlppel  R.  G.  Breckenrldge, 

F.  O.  CJhesley,  L.  Tlsa,  Ind.  Engr.  Chetn., 
p.  1097,  88,  1946. 

(3)  B.  Matthias,  Nature,  p.  826,  Feb. 
1948. 

(4)  S.  Roberts,  Phyaical  Review,  p.  890, 
71,  1947. 

(6)  W.  L.  Cherry,  Jr.,  and  R.  Adler, 
Phyaical  Review,  p.  981,  78,  1947. 
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Phototube  Amplifier  for 
Measuring  UV  Radiation 
By  C.  M.  Rively 

Vapor  Lamp  Engineering 
Lamp  Engineering  Dept. 
Weatinghouae  Electric  Corp. 
Bloomfield,  N.  J. 

In  quality  control  of  ultraviolet 
lamps  and  in  grading  quartz  tube.s 
and  fiats  for  transmission,  the  radi- 

(continucd  on  p  162) 


Acceleration  and  Strain  Measurements  Made  on  Laboratory  Model  Airplane 


Vibrations  in  airframes  are  diffi¬ 
cult  to  evaluate;  it  is  not  certain 
whether  they  are  responsible  for 
failures  in  wing  and  tail  assemblies 
or  not.  Small  aircraft  are  designed 
by  being  treated  as  rigid  bodies. 
However,  the  transient  vibrations 
excited  by  landing  impact  and 
which  involve  the  many  natural 
modes  of  vibration  of  the  airplane 
are  so  violent  in  large  aircraft  that 
their  flexibility  must  be  taken  into 


detailed  account  in  their  design. 

To  bridge  the  gap  between  theo¬ 
retical  analysis  of  simple  struc¬ 
tures  and  practical  experience  with 
actual  aircraft,  measurements  on 
simplified  models  under  controlled 
conditions  are  being  made.  The 
models  consist  of  small  scale  struc¬ 
tures  that  simulate  the  essential 
mechanical  elements  of  an  air¬ 
plane:  long  flexible  wing  loaded  at 
several  points  with  massive  fuse¬ 


lage  and  engines.  Models  are  made 
to  have  a  similar  distribution  of 
mass  and  flexural  rigidity  as  exist¬ 
ing  airplanes.  The  model  is  released 
from  a  support  that  holds  it  in  a 
strain  free  condition;  it  falls  onto 
a  simulated  landing  field  to  produce 
the  impact.  Strain  gages  and  elec¬ 
tronic  accelerometer  tubes  mounted 
on  the  model  produce  signals  that 
can  be  compared  to  similar  values 
from  theory  and  experience. 
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AcccUrotion  tube,  base  oi  which  can  be  teen  proiecting  irom  its  Effects  of  impact  produced  in  model  plane  when  Its  landing  pin 

support,  and  gages  attached  to  sides  of  simulated  wing  record  striker  rubber  pads  representing  the  airfield  are  being  measured 

vibrations  produced  by  landing  impact  by  Walter  Bamberg  at  the  National  Bureau  of  Standards 


sound  bate  lenguieiis  range 
of  'ffe^cr/y  FM  Radio  1217-D 


Circuit  uses  two  Type  1N34 
SYLVANIA  germanium 
crystal  diodes  to 
divert  overstrong  signals  / 
from  nearby  transmitters  / 


SPaiNGflHb  /  MCftTUK 


MACON  HANNtKAL 


xxdvanced  engineering  design  gives  the 
Bendix  Model  1217-D  FM  a  range  extend¬ 
ing  far  beyond  normal  reception  limits. 

An  important  factor  in  this  extended 
range  is  a  Sound  Gate  circuit  utilizing  two 
Type  1N34  Sylvania  Germanium  Crystal 
Diodes.  This  circuit  functions  to  divert 
over-strong  signals  from  nearby  FM  trans¬ 
mitters  and  permits  higher  sensitivity  for 
efficient  reception  from  more  distant  sta¬ 
tions. 

The  Bendix  Sound  Gate  is  one  of  many 
novel  circuits  developed  to  improve  equip¬ 
ment  performance  or  simplify  design- 
through  the  use  of  Sylvania  Germanium 
Crystals.  Sylvania  has  prepared  a  catalog 
giving  complete  specifications  on  diodes  and 
duo-diodes ;  a  booklet  of  circuit  suggestions 
made  by  “hams”;  and  two  Engineering 
News  Letters  on  usage  and  applications. 
This  literature  is  yours  for  the  asking. 
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THE  ABOVE  RECEPTION  RANGES  SHOWN  FOR  ORDINARY 
INSTALLATIONS  OF  BENDIX  FM  RADIOS  HAVE  BEEN 
INCREASED  FOR  MODEL  1217-D 


Sylvania  Electrir  Produrts,  Inr. 

Elertronirs  Division,  Dept.  E-1007 
500  Fifth  Avenue,  New  York  18,  N.  Y. 

Gentlemen:  Plea$e  $end  me  your  literature  on  Germa¬ 
nium  CryataU. 

Name . . . . 

Position . 

Company . 

Street  Address . Zone  No . 


F.lectrnnica  Iliriaion.  HOO  Fifth  .-irrnitf.  Nric  \ork  IH.  \. 
MAKERS  OF  ELECTRONIC  DEVICES;  RADIO  TUBES;  CATHODE  RAY  TUBES; 
FLUORESCENT  LAMPS,  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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NEW  PRODUCTS 

Edited  by  A.  A.  McKENZIE 

New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers’  literature 


Television  Generator 

Hickok  Electrical  Instrument 
Co.,  10527  Dupont  Ave.,  Cleveland 
8,  Ohio.  Model  610  television  gen¬ 
erator  enables  the  operator  visually 
to  align  receivers  to  any  of  the 
present  channels  from  44  to  216 


me,  also  to  align  i-f  stages  and  to 
insert  an  accurate  marker  at  any 
point  along  the  i-f  response  curve. 
Self-contained  marker  frequencies 
are  directly  calibrated  on  a  9i-inch 
dial. 

Indoor  T-V  Antenna 

Burnett  Service  Co.,  178  W.  168th 
St.,  New  York  52,  N.  Y.  The  Visi- 
beam  is  a  newly  developed  indoor 
television  antenna  now  available 
for  use  with  all  television  receivers. 
The  unit  is  12  inches  in  diameter 
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and  is  made  of  polished  Incite.  It  is 
tunable  to  all  stations. 

Projector  Assembly 

Radio  Corp.  of  America,  Camden, 
N.  J.  Type  TP-35A  sound  motion 
picture  projector  employs  an  elec¬ 
tronically-triggered,  high-intensity 
“gap-lamp”.  The  periodic  lamp 
flashes  coupled  with  a  special  film 


% 

■  ^ 

1 

'  :  ’  * 

'■;y 

Ji 

'■'{} 

/  1 

i 

drive  mechanism  make  it  possible 
to  project  35-mm  pictures  directly 
on  to  the  pickup  tube  of  a  television 
film  camera  for  conversion  to  video 
signals.  Monitor  and  change-over 
control  are  housed  in  a  standard 
cabinet  rack. 

Cabinet-Door  Switch 

Micro  Switch,  Freeport,  Ill.  The 
type  lACl  interlock  door  switch, 
designed  for  use  on  h-f  radio  equip¬ 
ment  cabinets,  and  all  types  of  elec¬ 
tronic  controls,  is  single  pole 
double  throw.  It  automatically  cuts 
off  the  power  circuit  when  the  cab¬ 
inet  door  is  open.  Switching  ele¬ 
ment  is  of  the  leaf  actuator  design. 
Circuit  can  be  closed  manually  for 


equipment  servicing  without  ha?- 
ard  of  forgetting  to  reposition  the 
switch  for  normal  protection. 


Beam  Power  Amplifier 

Hytron  Radio  &  Electronics 
Corp.,  76  Lafayette  St.,  Salem, 
Mass.  Type  3B4  is  a  miniature 
beam  pentode  for  use  in  vhf  port¬ 
able  mobile  equipment  as  a  Class-C 


oscillator,  frequency  multiplier  and 
r-f  amplifier  where  it  is  desired  to 
eliminate  filament  drain  during 
standby  periods.  It  employs  a  1.25 
or  2.5  volt  filament  for  instant-heat¬ 
ing  and  can  be  used  at  full  ratings 
to  100  me.  Bulletin  E-133  gives 
complete  technical  data. 


Panel  Instruments 

General  Electric  Co.,  Schenec¬ 
tady  5,  N.  Y.  Designed  for  better 
readability,  the  type  DO-71  line  of 
3i-inch  internal-pivot  panel  instru¬ 
ments  are  suitable  for  use  in  radio. 


0-C  AMPERES 
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B-36A  is  the  new  U.S.A.F. — Consolidated  Bomber — 
The  World’s  Largest. 

M~H  is,  of  course,  Minneapolis-Honey  well  Regulator 
Company,  makers  of  the  famous  MH  Control  Systems. 
Their  Aeronautical  Division  provides  the  Autopilots  for 
the  B-36A’s. 

Type  2C50  is  a  low  mu  double  triode  used  as  the  out¬ 
put  tube  in  servo- amplifiers  which  control  small  revers¬ 
ible  motors  or  relays.  Low  mu  and  ample  cathode  area 
permits  higher  currents  at  lower  operating  voltages  and 
simplifies  impedance  matching.  Voltage  breakdown  at 
high  altitudes  is  reduced  by  ample  spacing  between 
leads  in  both  the  Raytheon  Bantal*  stem  and  melamine 
base  which  has  barriers  between  pins. 

Type  2C52  is  a  high  mu  double  triode  used  as  a  volt¬ 
age  amplifier  in  this  equipment. 


rAYTHEOii 


Writ*  for  Dotailod  Information  on  kAYTHiON 
Spodal  kvrposo  and  Svbmintatvro  Tvboa 
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Minn«apoli«  -  Honeywell  tne*  RAYTHEON 
2C50  and  2C57  Tubes  for  cotdrol  operoHons 
because  these  tubes  feature  reliability  and 
stability  as  a  result  of  proven  design  and  care¬ 
ful  manufacturing  control  including: 

1 .  Operation  of  every  tube  for  several  days 
as  a  routirM  part  of  the  manufacturing 
process. 

Use  of  the  Raytheon  Bontal*  construction 
features  a  flat  glass  button  stem,  standard 
Dumet  metal-glass  seal,  and  heavy  stiff 
support  wires  above  ond  below  the  but¬ 
ton.  This  construction  was  pioneered  in 
millions  of  Raytheon  receiving  tubes  man¬ 
ufactured  since  1 945  and  has  been  adopt¬ 
ed  for  many  military  ruggedized  tube 
types. 

3.  Careful  welding  technique  combined  with 
internal  mechanical  features  such  as  grid 
side  rod  clips,  tungsten  heaters,  and  mka 
eyelets  on  plate  side  rods,  provide  the 
extra  strength  needed  for  reliable  air¬ 
craft  service. 


RAYTHEON  MANUFACTURING  COMPANY 
SPECIAL  TUBE  SECTION 
Newton  58,  Massachusetts 


B-36A’s  are  equipped  with 
M-H's  i-6  Autopilot  Amplifiers  Using 
RAYTHEON  2CS0  and  2CS2  Tubes 


f 


folded  dipole  and  reflector  assem¬ 
bly  surmounted.by  a  smaller  high- 
frequency  similar  assembly,  both 
mounted  on  a  sectional  aluminum 
tubular  mast  and  connected  to¬ 
gether  by  a  quarter-wave  connect¬ 
ing  link.  High  and  low  band  an¬ 
tennas  can  be  oriented  independent 
of  each  other. 


power  supplies,  transmitters,  amp- 
lifters  and  aircraft.  High  torque, 
provided  by  a  high-strength  Alnico 
magnet,  makes  for  quick  and  accur¬ 
ate  following  of  voltage  and  cur¬ 
rent  changes. 


Electronic  Scale 

Baker  Oil  Tools,  Inc.,  P.  O.  Box 
2274  Terminal  Annex,  Los  Angeles 
54,  Calif.  Model  500A  electronic 
weight  indicator  is  designed  for 
measuring  any  operation  in  which 


Wattmeter  Bridge 

Sperry  Gyroscope  Co.,  Great  Neck, 
N.  Y.  Model  123A  is  an  automatic¬ 
ally  self-balancing  and  direct-read¬ 
ing  bridge  for  indicating  micro- 
wave  power  measured  by  a  barretter 
element  over  a  range  of  10 


in  the  palm  of  the  hand,  making  it 
ideal  for  use  at  remote  pickups.  A 
built-in  swivel  permits  tilting  for- 
word  or  backward  through  an  angle 
of  about  30  degrees. 


Thermocouple 

Manning,  Maxwell  &  Moore,  Inc., 
Bridgeport  2,  Conn.,  introduces  a 
new  thermocouple  for  gas  turbines. 
Time  constants  of  better  than  1.2 


the  tension  load  does  not  exceed  75 
tons  nor  the  compression  load  150 
tons.  It  operates  on  the  null  bal¬ 
ance  principle  and  translates  elec¬ 
trical  impulses  into  weight  read¬ 
ings  within  2  percent  of  full-scale 
load. 


milliwatts  down  to  a  few  micro¬ 
watts.  The  -nit  requires  115  volts, 
60  cycles  for  operation.  Weight  is 
45  pounds.  Descriptive  literature 
is  available. 


Eight-Pillar  Tubes 

Raytheon  Mfg.  Co.,  Newton, 
Mass.,  has  announced  a  new  series 
of  Bantal  tubes  with  a  8-pillar  sup¬ 
port  construction.  Other  engineer- 


seconds  are  measured  at  gas  veloc¬ 
ities  of  250  feet  per  second,  with  a 
life  expectancy  of  200  hours  at 
1,600  F.  ' . 


Sectional  Antenna 

Technical  Appliance  Corp.,  Sher¬ 
burne,  N.  Y.  Type  465  television 
antenna  comprises  a  low-frequency 


ing  features  are  wide  lead  spacing, 
glass-to-glass  seal,  standard  octal 
base  and  short  leads  direct  to  base 
pins. 


Wire  Recorder 

Sears,  Roebuck  and  Co.,  925  South 
Homan  Ave.,  Chicago  7,  Ill.,  have 
introduced  the  Silvertone  general- 
purpose  portable  wire  recorder.  It 
features  an  adapter  that  permits 
the  recordings  to  be  made  and 
played  back  in  conjunction  with  a 
con.sole  radio.  Weight  is  approxi- 

(Continued  on  p  174) 


Midget  Mike 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  type  KB-2C  miniature 
velocity  microphone  shown  on  the 
left  weighs  only  12  ounces  and  fits 
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AUDIO  DEVICES^  INC«f  444  Wiito—  Av— ,  New  V«ili  22,  N.V. 

Ezp<m  Depammefit:  Rockc  lacenuitioml  G>rp^  13  E.  40th  Street,  New  York  16,  N.  Y. 
Amiipditt$  mrt  mmmfsctitred  im  tht  $md*r  txcimsh*  ticeus*  from  PYRAL,  Sw4.KX.,  Ptnh 


Ton  years  ago  the  first  AUDiODISC  was  manulactured . . .  mcNwfactufad 
by  a  patented  precision-machine  process,  vdikh  produced  the  finest  recording 
disc  known. 

During  this  decade  AUDIODISCS  hove  been  rated  first  in  every  field  of 
sound  recording  .  .  .  radio  broadcasting,  conunerdd  recording  studios, 
the  phonograph  record  industry,  motion  picture  stuCBos,  educational  institu¬ 
tions,  home  recording,  researdt  laboratories  and  governmental  agencies. 
In  every  country  throughout  the  world,  AUDIODISCS  ore  regarded  os  the 
true  standard  of  recording  quality. 

At  first  the  output  of  AUDIODISCS  was  measured  in  tens  of  thousands, 
then  in  hundreds  of  thousands  and  later  in  millions  per  year.  Today  this 
highest  rate  of  produd!  jn  is  being  maintained  and  the  quality  is  the  finest  yet 
achieved. 


Engaged  in  research  on  the  physics  oi  the 
upper  atmosphere.  C.  T.  Elvey  is  shown  at 
work  in  the  Navy's  new  '.iir-conditioned 
super  laboratory  in  the  heart  of  the  Mojave 
desert 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN'  MARKUS 

New  plants;  new  businesses;  personnel 
moves  and  changes ;  nine  book  reviews 
and  seven  abstracts  of  new  books 

Television  Channel  No.  1  is  Deleted  by  FCC 


Previous  Notices  by  the  FCC  con¬ 
cerning  proposed  television  chan¬ 
nel  rules  became  effective  as  of 
June  14,  as  follows: 

(1)  Abolition  of  the  sharing  of 
television  channels  by  certain  non¬ 
broadcast  services  because  of  inter¬ 
ference  problems. 

(2)  Channel  No.  1  (44-50  me)  is 
deleted  and  assigned  to  non-govern¬ 
ment  fixed  and  mobile  services 
which  were  sharing  channels. 

(3)  The  72-76  me  band  is  allo¬ 


cated  to  the  fixed  services  on  con¬ 
dition  that  no  interference  is 
caused  to  television. 

In  consequence  the  Commission 
proposes  to  revise  the  table  of  allo¬ 
cations  of  the  12  remaining  tele¬ 
vision  channels  to  service  areas 
throughout  the  nation.  It  has  also 
ordered  a  judicial  hearing  begin¬ 
ning  Sept.  20,  1948  in  the  matter  of 
utilizing  frequencies  in  the  475-890 
me  band  for  black  and  white  and/or 
color  television  broadcasting. 


level  it  was  necessary  to  anchor  the 
main  column  in  9. 10-foot  reinforced 
concrete  mat.  The  uplift  loads,  es¬ 
timated  to  run  into  several  hundred 
tons  during  high  winds,  are  carried 
by  reinforced  tension  cylinders  ex¬ 
tending  30  feet  below  the  founda¬ 
tion  mat  into  bedrock. 

Among  the  developments  demon¬ 
strated  on  the  towel"  were  a  high- 
resolution  radar  with  antenna 
rotational  speed  of  1  rps,  together 
with  a  two-color  display  of  reflected 
echoes  and  racon  signals.  A  blue- 
fluorescent  tube  is  used  for  the  bea¬ 
con  rdturn  and  an  optical  multi¬ 
plexer  shows  this  signal  against  a 
yellow  background  that  represents 
the  conventional  radar  return. 

E.  M.  Deloraine,  Technical  Di¬ 
rector  of  IT&T,  summarized  the  ad¬ 
vantages  that  accrue  through  the 
use  of  microwave  links,  some  using 
ptm  multiplexing,  for  television, 
telephone,  and  telegraph  communi¬ 
cation.  By  means  of  a  prepared 
map  he  traced  a  possible  microwave 
network  westward  through  the  Ori¬ 
ent  to  Europe  from  the  eastern  sea¬ 
board  of  the  United  States. 


Laboratory  Tower  Dedication 


A  3()0-foot  *  aluminuin-sheathed 
tower  for  microwave  experimenta¬ 
tion  was  formally  opened  by  Fed¬ 
eral  Telecommunication  Labora¬ 
tories  in  Nutley,  N.  J.  on  May  19. 
Rising  358  feet  above  sea  level,  the 


top  of  the  structure  overlooks  the 
main  laboratory  building  and  has  a 
horizon  that  varies  between  5  and 
35  miles. 

With  75  percent  of  the  weight 
concentrated  above  the  212-foot 


["pH* 


Basic  Research  Laboratory 
Dedicated 


The  U.  S.  Naval  Ordnance  Test 
Station  at  Inyokern,  California,  in 
the  heart  of  the  Mojave  desert,  re¬ 
cently  dedicated  the  huge  new 
Michelson  Laboratory  honoring  the 
late  American  physicist  and  Nobel 


prize  winner,  A.  A.  Michelson.  Sa 
to  be  the  most  complete  basic  scie: 
tific  research  facility  of  its  ty] 


Tow«r  for  •xporlmonu  in  tolovision,  microworo  conununicaHon.  ond  oloctronic  aids  to 
narigation  by  Fodoral  Tolocommunicotion  Loborotorios 


f 
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U  H  F  EQUIPMENT 

if  UHF  design  or  development  is  a  major  problem  with 

•  ••If  you,  or . . . 

Mf  low-unit  manufacturing  cost  is  essential  to  satisfactorily 

•  •  •  If  meet  competition,  or... 

trustworthy,  confidential  collaboration  is  a  highly 

•  •  •  If  necessary  factor... 

THEN  Lavoie  Laboratories  can  be  of  invaluable,  practical  assistance. 
We  have  the  Engineering  Staff— the  shop  techniques— and  the  repu¬ 
tation  to  satisfactorily  meet  those  requirements. 

•  Wm  shsll  be  very  glad  to  discus*  any  phase  of  UHF  work  with  you.  No  cost  or 
obligation  involved.  A  resume  of  LAVOIE  facilities  may  be  had  it  you  will  address 
us  on  your  letterhead. 


KADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE.  N.  J. 


1  O  o 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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MEETINGS 


Jiii.v  I4'16:  International  aynipo- 
siuui  on  noise,  held  by  the  Acous¬ 
tics  Group  of  the  Physical  Society 
and  the  Roger  Institute  of  British 
Architects,  at  the  Royal  Institute, 
Portland  Place,  London,  W.  1. 

Arc.  20-29:  All-Electrical  Exposi¬ 
tion,  Pan-Pacific  Auditorium,  Los 
Angeles,  Calif. 

Auc.  24-27:  AIEE  Pacific  General 
Meeting,  Spokane.  Wash. 

Sept.  4-6:  ARRL  Convention,  Mil¬ 
waukee  Auditorium,  Milwaukee. 

Sept.  6-11:  International  television 
meeting,  with  exh^ition  Sept.  2 
to  15,  Swiss  Federal  Institute  of 
Technology,  Zurich.  Address  in¬ 
quiries  to  Secretariat,  Interna¬ 
tional  Television  Meeting,  Gloria- 
strasse  41,  Zurich  6,  Switzerland. 

Sept.  13-17:  Third  Instrument  Con¬ 
ference  and  Exhibit,  Convention 
Hall,  PhiUdelphia,  Pa. 

Sept.  20-23:  Annual  meeting.  Asso¬ 
ciated  Police  Communication  Of¬ 
ficers,  Inc.,  Rice  HoteL  Houston, 
Texas. 

Sept.  27-Oct.  1 :  Third  National 
Plastic  Exposition,  Grand  Central 
Palace,  New  York  Gty. 

Sept.  29-Oct.  2:  Pacific  Electronic 
Exhibition  and  IRE  west  coast 
Annual  Convention,  Biltmore  Ho¬ 
teL  Los  Angeles,  Calif. 

Oct.  5-7:  AIE£  Middle-Eastern  Dis¬ 
trict  Meeting,  Washington,  D.  C. 

Oct.  11-12:  FM  Association  Second 
Annual  Convention,  Sheraton  Ho¬ 
tel,  Chicago. 

Oct.  25-29:  64th  semiannual  con¬ 
vention,  Society  of  Motion  Pic¬ 
ture  Engineers,  Hotel  Statler, 
Washington,  D.  C 

Nov.  4-6:  National  Electronics  Con¬ 
ference,  Edgewater  Beach  Hotel, 
Chicago. 

Nov.  29-Dec.  4:  18th  National  Ex¬ 
position  of  Power  and  Mechanical 
Engineering,  Grand  Central  Pal¬ 
ace,  New  York. 


Boiore  a  transmitter  slated  for  use  by  the  network,  G-E  employees  W.  R.  David  (left)  and 
W.  G.  Broughton  discuss  technical  details  involved  in  the  Rural  Radio  Network.  About 
7S  percent  of  the  forms  in  New  York  State  will  be  covered  by  the  chain 


Farmers’  F-M  Network 


Plans  call  for  operating  the  six 
stations  as  a  network  with  each 
station  simultaneously  receiving 
and  transmitting  particular  pro¬ 
grams  of  interest  to  farmers.  Sta¬ 
tions  will  be  at  Ithaca,  DeRuyter, 
Cherry  Valley,  Turin,  Bristol 
Center  and  Wethersfield,  N.-Y. 


The  Rural  Radio  Network,  a 
chain  of  six  f-m  stations  to  serve 
118,000  farms  in  40  counties  in 
upper  New  York  State,  is  expected 
to  be  in  operation  early  this  sum¬ 
mer.  Most  of  the  necessary  equip¬ 
ment  has  already  been  shipped  by 
General  Electric  Co. 


NEW  OFFICERS  FOR  1948-1949 


in  the  world,  the  new  air-condi¬ 
tioned  structure  covers  more  than 
seven  acres.  Construction  costs 
were  over  six  million  dollars. 

Scientists  working  at  Inyokern 
have  already  developed  a  new  sys¬ 
tem  of  photographic  analysis  capa¬ 
ble  of  accurately  magnifying  time 
by  some  four  million  times.  This 
“synchronized  micro-time  photog¬ 
raphy,"  used  in  studies  of  bullets 
in  flight,  is  only  one  of  many  im¬ 
portant  projects  under  way  at  the 
desert  base. 

The  Michelson  laboratory  con¬ 
tains  facilities  for  basic  and  applied 
research  in  the  fields  of  physical 
and  chemical  science,  aero-physics, 

(cenHnucd  on  page  199) 


Nawly  alectod  board  of  director*  of  the  We«t  Coast  Electronic  Manufacturer*  Associa¬ 
tion  are,  left  to  right,  front  row:  Ed  Grigsby.  Altec-Lansing  Corp,  (treasurer);  Wallace 
Walgren,  Electro  Engineering  Works:  James  L.  Fouch,  Universal  Microphone  Co.  (presi¬ 
dent);  Noel  Eldred.  Packard-Hewlett  Co.  (secretary),  and  William  Hewlett.  Packard- 
H®^l*n  Co.  (vice-president).  Second  row.  left  to  right:  Robert  Newcomb,  Newcomb  Audio 
Products  Co.;  Jack  McCullough,  Eitel-McCullough,  Inc.;  John  Kaar,  Kaar  Engineering;  Lew 
Howard,  Triad  Transformer  MIg.  Co.;  O.  H.  Brown.  Eitel-McCulIough,  Inc.;  Herb  Bolder- 
son,  Thermador  Electrical  Mfg.  Co.;  Fred  Falck  Ir„  Advance  Electric  and  Relay  Co.; 

Jim  Hopkins,  Girard-Hopkins  Co. 
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WARD  LEONARD 


Ward  Leonard's 


before  you  specify  or  btiy  Electric  Controls 


Quality  construction,  in  a  range  of  control  de¬ 
vices  as  wide  as  Ward  Leonard’s,  still  may  not 
be  enough  to  solve  your  particular  electric  co.i- 
trol  problem.  That’s  why  Ward  Leonard  adds 
“Result-Engineering.” 

Frequently,  by  slight  modification  of  a  basic 
design  or  use  of  available  components.  Ward 
Leonard  can  give  you  the  exact  result  you  want 
T- without  the  extra  cost  of  a  special  design. 

Here  is  ** Result-Engineering'" . . .  one  example 
of  what  Ward  Leonard  did  to  improve  a  prod¬ 
uct’s  performance  and  speed  assembly:  two 
resistors  “required”  for  a  television  set  were 
combined  in  a  single  unit,  saving  space,  and 
cutting  assembly  time  40%. 

Next  time  you  specify  or  buy  relays,  resistors, 
rheostats,  contactors,  starters  .  .  .  before  you 
decide  to  “make  the  best”  of  a  “standard” 
component,  or  pay  a  premium  for  a  “special”, 
find  out  what  Ward  Leonard  “Result-Engi¬ 
neering”  can  do  for  you. 


WARD  LEONARD  ELECTRIC  CO 


RESISTORS 

RHEOSTATS 

RELAYS 

CONTROL  DEVICES 


31  SOUTH  STREET  MOUNT  VERNON,  N.  Y. 


Oificma  in  principal  citicm  of  U.  S.  and  Canada 


Where  Basic  Designs  in  Electric  Controls  are 

esult<£  ngineered”  for  You 
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TUBES  AT  WORK 

(continued  from  p  126) 


m 

A  ^  ^  1 

m 

ra 

InQUifl 

IlM 

mth 

eon»^®®'*  siw®" 

»p®‘*  ewwe  <>«■  *'®®" 

..vrtt»>*P  ,ob«»Y“’ 

v(tth  hW^* 

i.t«h  V0W08®  . 

for .  Jrto  on<* 
•  •  *  oc  brWfl® 

potted  et^orb*) 

-nx.apo-"*’* 

.  .Iac  fO» 


Bor 

lAount'*'« 

•■  ony"**** 


Writs  for  Shollcross  Akra-Ohm  Precision  Resistor  Catalog  R-1. 

Let  Shollcross  precision  resistor  engineering  specialists  rec« 
ommend  suitable  types  for  your  application.  & 


MOISTURE  SEALED  OUT  .  .  . 

Accuracy  and  Dapendability  Sealed  ini 


%\0.m 


Unique,  simplified,  yet  rugged  construction 
characterizes  the  well-known  Shollcross 
Akra-Ohm  hermetically  sealed  precision  re¬ 
sistors.  Resistance  values  up  to  20  megohms. 


SHALLCROSS  MANUFACTURING  COMPANY  Dept.,  £-78. Colliiigdale,  Penna. 


Shallcross  —  the  only  complete 

i  precision  resistor  line! 


Sideband  telecior  unit  and  probe  ior  con 
nection  lo  the  receiver 

that  the  90-degree  phase  difference 
is  not  preserved  outside  this  range. 
Frequencies  above  or  below  will 
have  a  phase  difference  other  than 
90  degrees  and  consequently,  when 
applied  to  the  sum  and  difference 
circuits,  they  will  not  combine  alge¬ 
braically  to  add  or  cancel  com¬ 
pletely.  Incomplete  suppression  of 
the  unwanted  sideband  correspond¬ 
ing  to  these  extreme  frequencies  is 
the  result. 

Operating  Unit 

A  single-sideband  selector  unit 
embodying  the  method  shown  in 
Fig.  2  and  3  is  built  for  use  in 
conjunction  with  existing  a-m  re¬ 
ceivers  having  a  nominal  i-f  fre¬ 
quency  of  approximately  455  kc. 

The  unit  is  attached  to  the  re¬ 
ceiver  by  means  of  a  small  probe 
which  is  connected  to  the  last  i-f 
stage  of  the  receiver  through  a 
short  length  of  low-capacitance 
shielded  cable.  The  high-impedance 
i-f  signals  are  transformed  to  low- 
impedance  level  by  means  of  the 
probe,  and  are  then  fed  into  the 
selector.  The  only  other  connec¬ 
tions  between  the  receiver  and  the 
unit  are  two  shielded  wires  for 
audio.  V 

The  selector  permits  reception  of, 
single-sideband  signals  with  car¬ 
rier,  single-sideband  signals  with¬ 
out  carrier,  conventional  a-m  sig¬ 
nals  (selecting  the  upper  or  lower 
sideband  or  both),  dual  single-side¬ 
band  signals,  that  is,  intelligence 
A  on  one  sideband  or  intelligence  B 
on  the  other  sideband  with  carrier 
or  attenuated  carrier  and  conven¬ 
tional  shortwave  broadcasts  em- 
!  ploying  exalted  carrier. 

Selection  of  any  of  these  is  done 
,  by  four  pushbuttons  on  the  front 
panel.  The  phase-shift  networks 
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Here  s  the 


^  flexible 
insulation 
you  need. 
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UNDERWRITERS 
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7IUumi<utw>u  V  TURBO  FLEXIBLE  VARNISHED  SLEEVIKS.  FIBROUS  BUSS  TUBING.  PLASTIC  INSUUTED 
WIRE,  MICA  AND  MICA  PRODUCTS,  VARNISHED  CAMBRICS.  INSULATING  PAPER  and  TAPES.  WIRE  MARKERS 
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WILLIAM  BRAND  &  COMPANY 

2  76  4th  Ave.,  New  York  10,  N.  Y.-325  W.  Huron  St.,  Chicago  10,  III. 


FEATURING: 


PERMANENT 

FLEXIBILITY 

EXTREME  HEAT 

RESISTANCE 

NON -COMBUSTIBLE 

MOhSTURE  AB^SORPTION 

LESS  THAN  1%  - 

HIGH  DIELECTRIC 

STRENGTH 

SMOOTH  WALL  FINISH 

EXPANDED  RANGE'  OF 
WALL  THICKNESSES 


THERMO  PLASTIC  TUBING 


REL  16-A  is  the  new  heat-resistant 
TURBO  Thermo-plastic  Tubing  that 
provides  an  economical  and  depend¬ 
able  solution  to  most  electric  insulat¬ 
ing  problems  involving  high  tem¬ 
perature.  Approved  by  the  Under¬ 
writers’  Laboratories  for  continuous 
operation  at  105°  Centigrade,  REL 
16-A  safely  withstands  even  higher 
temperatures  intermittently,  without 
deterioration  of  mechanical  or  elec¬ 
trical  characteristics.  In  addition  to 
complete  stability  under  high  heat, 
REL  16-A  tubing  provides  perma¬ 
nent  flexibility — maintained  under 


severe  temperature  conditions,  high 
dielectric  strength  ,  negligible  mois¬ 
ture  absorption  (less  than  1%). 
Typical  applications  in  which  this 
tubing  offers  important  advantages 
over  ordinary  tubing  include  the  in¬ 
sulation  of  coils  and  wiring  where 
baking,  potting  or  soldering  is  re¬ 
quired;  equipment  with  high  ther¬ 
mal  rise;  enclosed  units  such  as 
motors,  generators,  transformers, 
etc.  Write  today  for  complete  lab¬ 
oratory  test  results,  including  UL 
reports,  on  TURBO  REL  16-A. 
Samples  on  request. 


f^wuteU  &  Qa 


DESIGNERS  AND  MANUFACTURERS 
OF  ELECTRONIC  PRODUCTS 


45  WARBURTON  AVE 


YONKERS  2,  N.  Y 


(continued) 


TUIES  AT  WORK 


-MMCnCM.  OPERATING  - 
.MN6E  FOR  3- LATTICE 


FREQUENCY  IN  CYCUS  PER  SECOND 


FIG.  4 — CharacterUticA  of  thrM-lattice 
.  phaae-ihiit  network 


cover  a  frequency  range  of  70  to 
7,000  cycles  per  second.  Therefore, 
the  quality  of  reproduction  is  usu¬ 
ally  only  dependent  upon  the  i-f 
pass-band  characteristics  of  the 
receiver. 


Ih«  solution  of  filter  network  prob¬ 
lems,  has  been  greatly  simplified 
through  the  use  of  toroidal  coils 
wound  on  molybdenum  permalloy 
cores.  Design  engineers  have  learned 
to  depend  upon  them  since  discover¬ 
ing  that  only  these  toroids  possess  all 
the  necessary  qualities  of  a  good 
high  "Q"  coil. 

Of  the  30  different  items  now 
being  manufactured,  the  most 
available  type*  now  being  sup¬ 
plied  are; 


Locked  Oscillator 

Should  the  carrier  frequency  de¬ 
livered  by  the  receiver  tend  to  devi¬ 
ate  from  that  of  the  selector’s  oscil¬ 
lator,  a  d-c  control  voltage  will  be 
delivered  by  the  combination  of 
oscillator  frequency,  intermediate 
frequency,  and  detector. 

This  d-c  control  voltage,  ap¬ 
plied  in  a  feedback  loop  back  to  the 
oscillator  through  a  reactance  tube, 
then  serves  to  restore  the  i-f  car¬ 
rier  and  oscillator  to  frequency  syn¬ 
chronism.  Moreover,  the  time  con¬ 
stant  in  the  d-c  circuit  provides  the 
equivalent  of  memory;  should  the 
i-f  carrier  temporarily  disappear 
because  of  selective  fading  or  trans¬ 
mitter  troubles,  the  locked  oscil¬ 
lator  will  not  get  away.  This  is 
especially  useful  in  weak-signal, 
transoceanic  communications,  and 
a  must  when  the  receiver  is  unat¬ 
tended  over  long  time  intervals. 

This  feature  minimizes  the  need 
for  retuning  against  change  in 
transmitter  frequency,  change  in 
receiver  local  oscillator  frequency, 
change  in  selector  voltages  or  tem¬ 
peratures  that  normally  would 
cause  frequency  drift. 

Satisfactory  locking  action  is 
produced  when  the  carrier  of  the 
received  signal,  either  because  of 
suppression  at  the  transmitter,  or 
because  of  selective  fading,  is  as 
much  as  20  db  below  sideband  level. 
When  no  carrier  is  transmitted,  no 
locking  or  control  voltage  is  gener¬ 
ated,  so  that  retuning  of  the  re¬ 
ceiver  will  be  necessary  from  time 
to  time.  For  this  reason  a  small 
amount  of  carrier,  say  1  or  2  per¬ 
cent  of  the  sideband  energy,  should 


TC-1  Any  ind.  upto  10  HYS 
TC-2  Any  Ind.  up  to  30  HYS 
TC-3  Any  Ind.  up  to  750  MHYS 


50M  100M 


FREQUENCY— CYCLES 


W*  or*  producing  toroidal  coil  filters  which  con¬ 
sistently  demonstrate  the  value  of  toroidal  coils. 
These  filters  cannot  be  matched  in  stability,  accu¬ 
racy  and  sharpness  by  filters  mode  with  the  usual 
laminated  type  of  coil. 

Orders  for  samples  or  production  quantities  ore 
equally  respected.  All  inquiries  will  be  promptly 
handled. 
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757^  Loudspeaker 


Its  specifications  tell  you  it’s  good 


Its  quality  components  say  so,  too 


But  to  realize  how  good  it  is 


HEAR  IT  yOURSELf! 


tubes  at  work  (continued) 

always  be  transmitted  in  single¬ 
sideband  systems  for  use  with  this 
type  of  receiver. 

The  locking  circuit  permits  lis¬ 
tening  to  a  weak  signal,  even  though 
a  strong  signal  is  nearby  (in  fre¬ 
quency),  without  the  selector 
oscillator  being  captured  by  the 
strongeV  signal.  The  degree  of 
selectivity  which  this  makes  pos¬ 
sible  cannot  be  fully  appreciated  by 
anything  short  of  an  actual  listen¬ 
ing  test  in  a  band  of  crowded  sig¬ 
nals. 


Grid-Dip  Oscillator 

One  of  the  most  useful  instruments 
in  an  electronic  laboratory  is  the 
grid-dip  oscillator  with  a  vhf  fre¬ 
quency  range.  Strangely  enough, 
however,  these  have  not  been  gen¬ 
erally  available  as  a  commercial 
product  until  recently.  Since  the 
early  days  of  radio,  however,  they 
have  been  constructed  by  the  in¬ 
dividual  engineer  to  fit  particular 
applications  when  needed. 

The  grid-dip  oscillator  consists 
of  a  variable-frequency  oscillator 
with  an  indicating  milliammeter  in 
its  grid  circuit.  When  the  oscilla¬ 
tor  tank  circuit  is  coupled  to  a  sec¬ 
ond  resonant  circuit,  usually  by 
holding  the  tank  inductance  near 
the  second  tuned  circuit,  a  dip  in 
the  grid  current  indicates  the  fre¬ 
quency  at  which  power  is  drawn 
from  the  oscillator.  A  frequency- 
calibrated  dial  on  the  oscillator  then 
indicates  the  frequency  at  w'hich 
resonance  occurs. 

The  resonant  frequency  of  any 
coil  and  capacitor  combination. 


Effictenqf:  At  distoiKe  of  30  ft.  on  axis,  will 
produce  a  peak  level  of  93  db  above  10  '^  watt 
per  sq.  cm.  when  reproducing  speech  ond  music 
at  30  watts. 

Input  Impedance:  4  ohms  (dividing  network). 


Frequency  Response:  60  to  15,000  cycles. 
Crossover  Frequency:  1,000  cycles. 

Coverage  Angle:  90°  horizontal:  90°  vertical. 
Power  input  Capacity:  30  wotts. 


713C  High 
Frequency  Unit 


728B  Low 
Frequency  Unit 


KS  12027  High 
Frequency  Horn 


702A 

Dividing  Network 


ith  an  instrument  as  fine  as  the  Vi  est- 
em  Electric  75  7A  Loudspeaker,  cold 
facts  on  specifications  tell  only  part  of 
the  story.  But  when  you  listen  to  it 
yourself,  you'll  realize  to  the  full  its  out¬ 
standing  performance.  Hear  its  excep¬ 
tional  tonal  quality  .  .  .  note  how  faith¬ 
fully  it  reproduces  even  the  most  com¬ 
plex  wave-forms  .  .  .  and  you'll  want  to 


use  the  757A  Loudspeaker  wherever  it's 
a  case  of  bringing  out  the  best  in  the 
finest  sound  systems  and  broadcast 
monitoring  systems. 

F or  early  d^ivery^  get  your  order  in  now, 
Cali  your  nearest  Graybar  Broadcast 
Representative,  or  write  Graybar  Elec¬ 
tric  Companv,  420  Lexington  Avenue, 
New  York  17,  N.  Y. 


9002 


DISTRIIUTORS:  IN  THE  v.s.A.  —  Graybar  Electric 
Company,  in  Canada  and  Newfoundland  — 
Northern  Electric  Company,  Ltd. 


-  QUALITY  COUNTS  - 

Western  Electric 


(CAPACITANCES  IN  ^>lP) 


Circuit  oi  the  probe  portion  oi  the  De  Vine 
qrld-dip  oscillator 
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VOLTAGE  STABILIZER 
HEADQUARTERS 
Sine*  1927 


(coiitiiiutd) 
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TUBES  AT  WORK 


New,  Lighter,  More  Compart . . . 
Easier  to  Build  into  Your  Product 

RAYTHEON 

VOLTAGE  STABILIZERS 


RAYTHEON 


'r  ■ 


RAYTHEON  MANUPACTURINO  COMPANY 

Waltham  54,  Matsachusatt* 

Gentlemen:  Please  send  me  copy  of  your  new  Voltage  Stabilizer  Bulletin  DL-V-304A. 

Name . . . . 

Position . . . . . . . . . 

Street  Addreu . . . . . 

City . Zone  No . State . 


The  oscillator  forms  a  probe 

alone  or  connected  into  circuits, 
resonant  lines,  wave  traps,  r-f 
chokes,  and  antennas,  can  thus  be 
determined  quickly  and  changes 
made  to  tune  them  to  the  desired 
frequency.  Additional  capacitance 
of  tubes  and  wiring  needs  to  be 
taken  into  account  however  if  the 
unit  being  measured  is  not  con¬ 
nected  to  its  final  operating  circuit. 
The  frequency  change  due  to  tube 
heating,  which  is  particularly  large 
at  the  i-f  and  front-end  frequencies 
used  in  f-m  and  television  receiv¬ 
ers,  can  be  readily  determined  with 
the  grid-dip  oscillator.  The  fre¬ 
quency  at  which  wiring  between 
components  resonates  may  also  be 
determined. 

The  circuit  of  one  of  the  grid-dip 
oscillators  recently  announced  by 
De  Vine  Laboratories  is  shown  in 
the  accompanying  diagram.  In 
addition  to  operation  as  a  grid-dip 
oscillator  it  permits  the  addition  of 
I  earphones  in  the  grid  circuit  so 
I  that  the  instrument  becomes  an  os¬ 
cillating  detector'  for  beating 
,  against  an  unknown  signal  for  de¬ 
termining  its  fundamental  and 
harmonic  frequencies. 

Use  of  the  headphones  also  per- 
mits  operating  the  tube  without 
plate  voltage  to  form  a  diode  de¬ 
tector  for  modulated  signals  from 
a  transmitter  or  signal  generator. 
Removing  the  headphones  in  this 
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For  years  the  name  “Raytheon” 
on  voltage  stabilizers  has  denoted 
advanced  design,  precision  manufac¬ 
ture,  rugged  construction,  reliable  and 
accurate  performance  ...  in  a  word  — 
“Excellence  in  Electronics.” 

Now,  to  these  highly  desirable  char¬ 
acteristics,  have  been  added  important 
space  and  weight  saving  features  .  .  . 
features  that  make  it  easier  and  more 
economical  to  build  dependable,  ac¬ 
curate  control  of  fluctuating  line  volt¬ 
age  right  into  your  product.  This  en¬ 
tirely  new  line  has  been  performance- 
engineered  to  provide  a  wide  choice  of 
models  in  service-tested,  standard  types 
...  or  you  may  have  special  models 
custom-engineered  to  suit  your  special 
needs. 

Get  the  complete  story  on  this  im¬ 
portant  development  at  “Voltage  Sta¬ 
bilizer  Headquarters.”  Send  for  it  today. 


UIILD  THESE  ADVANTAGES 
INTO  YOUR  EQUmWENT 


•  Poiiliv*  control  of  output  voh- 
ago  to  within  i:  16%. 

G  Stabilization  at  ony  tood 
wHMn  rotod  copocity. 

G  Quick  fMponM.  Stabilizes 
vorying  'input  voltage  within 
1/20  MconH. 

G  Entirely  automotk.  No  adfust- 
iwontt.  No  moving  parts.  No 
mointenance. 


G  Many  designs  available  with 
very  low  harmonic  distortion 
of  the  output  voHoge  Wave 
at  any  load. 

G  Modeb  can  be  supplied  with 
frequency  compensation. 

G  Single  or  multiple  output 
voltages. 

G  Wide  range  of  designs  in¬ 
cluding  hermet'Kolly  -  sealed 
types. 

UK  • 
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ITTLE  PARTSn 
PLAY 

IMPORTANT 

ROLES 


ft 


PRECISION 

I 

IN  PLASTICS 
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Many  of  the  functional  elements  in  today's 
business  machines  are  carefully  thought  out 
precision  pieces  —  molded  in  plastics. 

Adoption,  generally,  has  been  based  upon 
their :  superior  physical  properties,  structural 
strength,  lighter  weight  .  .  .  and  also  because 
of  the  molder's  ability  for  maintaining  closest 
tolerances  and  modeMike  quality  duplication 
in  quantity. 

By  proper  engineering,  a  single  plastic  part 
often  does  away  with  extra  separate  parts.  By 
integrating  contact  points,  threaded  bushings 
and  metal  inserts  into  the  one  molded  piece, 
costly  bench  assemblies  and  hand-set  fittings 
are  completely  eliminated.  Thus  .  .  .  plastic 
parts,  in  themselves  less  costly,  tend  also  to 
further  lower  the  manufacturer's  production 

The  functional  plastic  part  pictured  here  was 
Consolidated-molded  for  International  Business 
Machines  Corporation.  It  serves  as  the  rear 
frame  for  a  Silent  Rotor  Secondary  Clock. 
Molded  securely  in  place,  as  part  of  the  one 
piece,  are  four  intricately  designed,  specifically 
positioned  transfer  contact  points.  And,  simi¬ 
larly  to  the  many  other  plastic  units  we  process 
for  this  company's  highly  regarded  equipment, 
this  little  part  plays  an  important  role. 

For  your  products,  too,  a  little  plastic  may  do  a 
lot  of  good.  We'd  be  glad  for  the  opportunity 
to  discuss  and  develop  the  possibilities  with 
you.  Inquiries  invited! 


•tskIws;  new  YOIK,  t/90  Broadmar  •  CHICAGO.  54f  W. 


OiTIOIT.  550  Mat€s 


CUVIIANO,  4414  Brmmtct  Av. 
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In  the  field  of  electronics  and  the  electrical 
goods  industry,  MOSINEE  stands  for  paper-base 
processing  materials  with  scientifically 
controlled  chemical  and  physical  properties,  high 
quality  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
creped  with  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity:  accurate  caliper,  density,  liquid  repellency 
or  absorbency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  and > 
j  v;  production  requirements. 


MOSINEE  PAPER  MILLS  COMPANY  •  MOSINEE,  WIS^S 


TUBES  AT  WORK 

instance  switches  the  meter  back  in 
the  grid-cathode  diode  circuit  and 
permits  use  as  an  absorption  fre¬ 
quency  meter  or  a  field  strength 
meter. 

The  instrument  shown  employs 
seven  plug-in  coils  to  cover  a  fre¬ 
quency  range  from  1.9  me  to 
slightly  over  200  me.  Each  coil  is 
mounted  inside  a  polystyrene  cylin¬ 
der  so  that  it  can  be  inserted  in  and 
near  tank  coils  having  high  voltage 
without  contact  to  the  turns  of  the 
coil.  The  coils  are  tuned  by  a  split- 
stator  capacitor  having  specially 
designed  plates  to  allow  a  nearly 
linear  dial  calibration  in  terms  of 
frequency. 

Elements  of  the  circuit  shown 
are  mounted  in  a  narrow  metal  case 
so  that  the  coil,  tuning  capacitor, 
grid  meter,  and  a  drum  dial  are 
arranged  in  line.  Thus  the  unit  is 
practically  a  probe  with  its  coil  at 
one  end,  and  dial  at  the  other  end. 
Having  the  meter  mounted  on  this 
unit  permits  readings  to  be  made 
while  watching  the  dial  when  tun¬ 
ing  through  the  range. 


Fliioroscope  Image  Amplifier 


A  NEW  high-vacuum  tube  electro¬ 
statically  focuses  and  accelerates 
an  electron  stream  to  increase  the 
brightness  of  a  fluoroscope  screen 
by  500  times. 

With  present  fluoroscope  tech¬ 
niques,  the  physician  must  dark- 
adapt  his  eyes  for  twenty  minutes 
to  see  the  image.  If  he  examines  a 
large  abdominal  thickness  the 
brightness  may  be  as  low  as  0.00005 
millilambert,  while  a  separation  of 
0.25  inch  is  necessary  before  con¬ 
tours  between  black  and  white  can 
be  distinguished.  A  brightness  of 
0,001  millilambert  with  a  contour 
separation  of  0.03  inch  is  about  the 
center  of  the  fluoroscope  range. 

The  new  image  amplifier,  an¬ 
nounced  by  Westinghouse  X-Ray 
Diyision  at  Baltimore,  increases  the 
brightness  of  the  fluoroscopic  image 
after  the  x-rays  have  passed 
through  the  patient.  This  tech¬ 
nique  is  necessary  because  the 
x-ray  intensities  are  already  at  the 
patient’s  tolerance  level  and  is  pos¬ 
sible  because  the  sensitivity  of  the 
physician’s  eyes  are  the  main  limi¬ 
tation  to  effective  fluoroscopy  today. 
Present  fluorescent  screens  have  a 
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TU8ES  AT  WORK 


(continued) 


gross  efficiency  of  about  three  per- 
cent  so  that  even  a  theoretically 
perfect  screen  y^ould  be  only  about 
thirty  times  as  bright. 

With  the  image  amplifier  tube, 
the  physician  will  see  at  once  an 
image  almost  as  bright  as  a  movie 
screen.  He  may  still  dark-adapt  his 
eyes  for  about  three  or  four 


t,eOO.  000, 000 ib 


with  these  BALLANTINE  instruments 


minutes  to  see  all  the  details  of  the 
patient’s  organs  at  Work. 

Figure  1  shows  the  elements  of 
the  tube  used  to  increase  bright¬ 
ness  of  the  x-ray  image.  The  x-ray 
quanta  is  converted  into  light  with 
a  fluorescent  screen  and  thence  to 
electrons  by  means  of  an  adjacent 
photo-electric  surface.  These  elec¬ 
trons  are  accelerated  by  a  high 


MODEL  300 


EUCTRONIC 


VOLTMETER 


MODEL  220 
DECADE 
AMPLIFIER 


MODEL  402 
MULTIPLIER 


•inc*  1935 
Hm  only  VOITMETER 
f*atwrin9  a  »impHll««l 
LOGARITHMIC  SCALE 


10  MICROVOLTS  to  10,000  VOLTS 

OI\'E  BILLlOy  TO  ONE— This  enormous  range  oi 
AC  voltages  —  is  easily  covered  by  the  Model  300 
Voltmeter,  Model  220  Decade  Amplifier  and  Model 
102  Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  frequency 
range  of  10  cycles  to  1.30  kilocycles.  The  Model  .300 
Voltmeter  (AC  opera te<l)  reads  from  .001  volt  to 
KM)  volts,  the  Model  220  Amplifier  (battery  o|)erat^l) 
supplies  accurately  standardize<l  gains  of  lOx  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,000  and  10,000  volts  fidl  scale. 

Iteiicriptive  Bulletin  No.  10  Available 

BALLANTINE  LABORATORIES,  INC. 

■OONfON,  NIW  JIMSIV,  U.S.A. 


X-rays  that  have  passed  through  the 
patient  strike  the  fluorescent  screen  at  left 
and  produce  light  photons  that  elect  elec¬ 
trons  from  the  photoelectric  surface.  The 
electrons  are  electrostatically  accelerated 
and  focused  to  form  an  inverted  smaller 
image  on  the  phosphor  at  right.  Optical 
I  magnification  brings  this  image  back  to 
j  the  original  five-inch  sise 

potential  placed  across  the  vacuum 
tube,  giving  a  brightness  gain  of  20 
times.  A  further  factor  of  25  in 
brightness  gain  is  attained  by  elec¬ 
trostatic  focusing  of  the  electron 
stream  to  reduce  the  image  to  1/5 
!  of  its  size.  The  reduced  image, 

I  now  brightened  500  times,  im¬ 
pinges  on  a  phosphor  output  layer 
that  converts  it  back  to  a  visible 
image  which  is  observed  through  a 
conventional  optical  system  that 
magnifies  it  by  a  factor  of  5  back  to 
its  initial  size. 

The  intensification  achieved  by 
reducing  the  image  size  in  the  elec¬ 
tron  optical  system  is  possible  be¬ 
cause  the  brightness  is  increased  in 
inverse  proportion  to  the  area. 
This  is  so  because  all  the  electrons 
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The  increased  emciency  and  economy  you’ll  realize  in  the  use 
of  Arnold  Permanent  Magneu  are  constant  factors.  The  thou¬ 
sandth  unit  is  exactly  like  the  first — because  they’re  produced 
under  controlled  conditions  at  every  step  of  manufacture,  to 
bring  you  complete  uniformity  in  every  magnetic  and  physical 
characteristic.  Count  on  Arnold  Products  to  do  your  magnet 
job  best — and  they’re  available  in  any  grade  of  material,  size, 
shape,  or  degree  of  finish  you  require.  Write  us  direct,  or  check 
with  any  Allegheny  Ludlum  field  representative. 


THE 


ARNOLD 


ENOmBERING  GO. 


J  \ _  Subsidiary  of 

C/aVJ17  ALLiGHINY  LUDLUM  STEEL 
CORPORATION 

147  East  Ontario  Stroef,  Chicago  11,  Illinois 

Spm<ialhH  and  Laodmn  in  tha  Datign,  tnginaarin^  and  Manafartvra  of 
mMAtmtr  MRGMfTS 
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Cutowciy  Tiaw  oi  the  image  amplifier  tube. 
lU  principle  of  operation  is  reminiscent  of 
the  Snooperscope  and  Sniperscope  used  for 
infrared  Tiewing  during  the  war 

are  utilized  in  forming  the  image. 
When  the  area  is  reduced,  the  total 
energy  therefore  remains  constant. 
Thus  the  energy  per  unit  area, 
which  is  proportional  to  bright¬ 
ness,  must  go  up.  The  reduced 
image  seen  through  an  ordinary 
optical  magnifier  appears  in  its 
original  size  without  losing  the 
brightness  gained  in  the  electron-, 
optical  reduction. 

The  image  amplifier  will  permit 
shorter  examinations  and  allow  use 
of  the  wafer  grid,  stereofluoroscopy 
and  even  televising  of  fluoroscopic 
images. 


,,J 


(ii^^ 
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Elevator  Signal  Button 

The  push-button  era  is  past;  now 
all  one  has  to  do  is  touch  the  button. 
Essentially,  the  new  system  de¬ 
veloped  by  Otis  Elevator  Co.  con¬ 
sists  of  a  cold  cathode,  gas  triode 
that  replaces  the  conventional 
mechanical  push-button  and  its 
associated  relays.  Auxiliary  elec¬ 
tronic  equipment  controls  the  ele¬ 
vator  stopping  system  and  provides 
the  power  supply. 

Simple  Signal  Wiring 

Among  the  advantages  obtained 
by  this  development  are :  The  push¬ 
button,  in  operating,  produces  an 
indicating  light  to  assure  the  pas¬ 
senger  that  his  signal  has  operated 
the  equipment,  and  without  requir¬ 
ing  auxiliary  return  wires  from  the 
central  control  station  in  the  motor 
penthouse.  Because  there  are  no 
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PRECISION  LABORATORY  EQUIPMENT 


^KcUtCtOfU 


.iiwoCYt'-’ 


FREED 


Primarily  dosignod  for  Mto  In  wavo  filtors.  tmiod 
eircHifs  and  oquollxort  for  oodio  and  suporsonic  fro* 
qnonciot.  Tho  stability,  oeeurocy  ond  high  voluo  of 
Q  mako  thoso  Doeodo  Inductors  invoiuablo  laboratory 
instrumonts. 


T^oftUcUli  ^HdcictofU 


High  quality  toroidal  coils  wound  on 
motybdonum  permalloy  dust  cores.  All  those 
listed  below  con  be  supplied  in  hermetically 
sealed  cons,  commercial  ♦yp«  construction 
or  open  units.  Other  types  con  be  supplied 
out  of  stock  on  speciol  orders. 


Typ*  T1-3 

10,000>300,000  cyciM 

■ctaac*  Typ*  # 

S  MH  MNSO 

1  MH  MIST 

,2  MH  MIB2 

3  MH  MNS3 

4  MH  P-1NS4 

5  MH  MtSS 

10  MH  MOM 

is  MH  M0S7 

20  MH  MOlO 

30  MH  0-1010 

40  MH  0-10M 

BO  MH  M041 

7B  MH  MM2 

100  MH  MM3 


Typ«  T1 

1000-11.000  cyciM 
laOastaM*  V«Im 

S  MHT 
10  MHT 
IS  MHT 
30  MHT 
BO  MHT 
7S  MHT 
100  MHT 
200  MHT 
BOO  MHT 
7S0  MHT 

1  HT 
1.B  HT 

2  HT 

3  HT 

4  HT 

5  HT 


Typ*  T1.2 
2000-30,000  cycle* 
l•0•ct•■c•  Tahic 

1  MH 

2  MH 

3  MH 

4  MH 

5  MH 
10  MH 
IS  MH 
30  MM 
SO  MH 
7B  MM 

100  MH 
ISO  MH 
200  MM 
300  MH 
400  MM 
BOO  MM 
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theJinest  ELECTRICAL  CONNECTORS 
j)  money  can  build  or  buy! 


'  BEINDIX 

SCINTILLA 


(continued) 


TUBES  AT  WORK 


hoisting  wire 


TOUCH 

BUTTON 


HOLDING 

POTENTIAL 


CAP/.C)  r  ANCE- 


IGNITING 

POTENTIAL 


AUXILIARY  AND  CONTROL  EQUIPMENT 
IN  MOTOR  ROOM 


Basic  circuit  of  electronic  button:  circuit 
values  con  be  adjusted  so  that  merely 

pointing  at  the  button  tires  the  tube 

moving  parts  associated  with  the 
electronic  switch,  its  life  and  pro¬ 
tection  from  jamming  are  im¬ 
proved. 

The  electronic  relays  operate  on 
potential  difference,  rather  than  on 
current  differences  as  do  electro¬ 
magnetic  relays,  so  cabling  is  not 
required  to  carry  high  current  (al¬ 
though  the  gage  of  the  wiring  is 
determined  by  its  mechanical 
strengtfi  which  must  be  sufficient  to 
withstand  the  strain  of  pulling  it 
through  the  conduits  during  instal¬ 
lation,  rather  than  by  its  current- 
carrying  ability).  William  Bruns, 
electrical  engineer  in  charge  of 
electronic  development,  prefers  the 
electronic  signaling  system  because 
it  permits  using  high-impedance 
circuits.  However  the  impedance 
that  can  be  used  across  the  signal 
lines  with  the  electronic  system  is 
limited  by  the  noise  picked  up  from 
stray  fields  in  the  building;  it  is 
necessary  to  load  the  lines  below’ 
the  value  determined  by  the  elec¬ 
tronic  equipment  itself  to  prevent 
false  operation. 

In  addition,  operation  of  elec¬ 
tronic  equipment  is  done  by  poten¬ 
tial  differences  permitting  a  much 
wider  variation  in  power  supply 
voltages  than  is  tolerable  with  re¬ 
lays.  The  limits  of  power  supply 
variation  with  relays  are  set  by  the 
relay  pulling  in  due  to  over-voltage 
thus  giving  false  indications,  and 
failing  to  pull  in  due  to  under-volt¬ 
age.  Similar  limits  exist  for  gas 
tubes,  but  the  limits  are  wider.  In 
the  application  to  elevator  signal¬ 
ling,  a  change  in  power  line  voltage 
from  100  to  150  volts  is  tolerated 
by  the  equipment.  An  autotrans¬ 
former  supplies  the  eciuipment  with 
voltage  centered  in  the  tolerance 
range. 

The  “touch  button”  consists  cf 


SCINFLEX! 


Beadix-Sdntilla*  Electrical  Connectors  are  precision-built  to 
render  peak  efficiency  day-in  and  day-out  even  under  difficult 
operating  conditions.  The  use  of  “Sdnflex”  dielectric  material, 
a  new  Bendix-Sdntilla  development  of  outstanding  stability, 
makes  them  vibration-proof,  moisture-proof,  pressure-tight, 
and  increases  fiasbover  and  creepage  distances.  In  temperature 
extremes,  from  — 67®  F.  to  -|-300®  F.,  performance  is  remark¬ 
able.  Ettelectric  strength  is  never  less  than  300  volts  per  mil. 

The  contacts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  the  industry. 
Bendix-Sdntilla  Connectors  have  fewer  parts  than  any  other 
connector  on  the  market — an  exclusive  featiu-e  that  means 
lower  maintenance  cost  and  better  performance. 

*IIEa.  U.S.  PAT.  OFF. 

Write  our  Sales  Department  for  detailed  information. 

•  MeUHiro-preof,  Frossuro-Hglil  •  Radio  QuM  •  Singlo-piac*  IntorH 

•  Vibratien-preef  •  Llghl  Waight  at  High  Arc  Rasiclanc*  • 
Easy  AtMmbiy  and  DitasMmbly  •  Lmc  port*  than  any  othor  Connactor 

Available  in  all  Standard  AN.  Contact  Configurations 
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for  notai  prolUitv 
ii  olictricil  prilicts 


Here’s  an  opportunity  to  learn  how 
other  electrical  manufacturers  solve 
metal  selection  problems— problems  you 
yourself  may  have  to  solve. 

This  brand-new,  illustrated  collection 
of  ideas  shows  you  in  detail  how  I>’CO 
Nickel  Alloys  resist  high  temperatures, 
corrosion,  fatigue,  abrasion— how  their 
special  properties  are  useful  in  scores 
of  applications. 

Case  histories,  drawn  from  dozens  of 
different  fields,  show  how  Lnco  Nickel 
Alloys  help  improve  the  performance, 
cut  the  production  costs,  and  extend  the 
service  life  of  many  types  of  products 
and  equipment. 

You  will  see  where  their  special  and 


unusual  properties  have  made  possible 
successful  products  in  the  appliance 
field,  the  electronics  industry,  in  special 
•levelopments,  and  in  general  electrical 
manufacturing. 

Remember... this  booklet  brings  you 
practical  ideas— ideas  trie<l  and  proved 
by  other  manufacturers.  Just  one  may 
help  you  solve  a  difficult  technical  prob¬ 
lem  and  repay  your  reading  time  a 
thousand-fold. 

Send  for  your  copy  today.  Just  clip 
and  mail  the  attached  coupon. 

This  FREE  booklet  behmffs  in  your 
files!  Mail  the  coupon.  •iub.  c.  s.  c.t.off. 

THE  INTERNATIONAL  NICKEL  CO.,  INC. 
67  Wall  Street,  New  York  5,  N.  Y. 


EMILEM  y.  IF  SUtnCE 


I  B.  B.  Winter 

I  The  International  Nickel  Company,  Inc. 

I  67  ^'all  Street,  New  York  5,  N.  Y. 

J  Please  st^nd  me  your  new  bttoklet,  “66  Practical 
!  Ideas  for  Metal  Problems  in  Electrical  Products.” 


THIS  BOOKLET  ^ 
I  BELONGS  IN  YOUR  FILES! 
-  MAIL  THE  COUPON  ^ 


Address. 
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(continued) 


ElnTotoT-control  thyratrons  omd  rMistcmc*- 
capacUcmc*  circuiti  or*  In  th*  lowar  por¬ 
tion  of  tho  rack  tkcrt  housM  tho  roctUion 
(top)  for  tho  tlgnoling  lyotom 


!  a  gas  triode  (similar  to  an  0A4G) 
connected  as  shown  in  the  accom¬ 
panying  diagram.  An  electrode  con¬ 
nected  to  the  control  grid  is  molded 
!  into  the  colored  arrowhead  of 
the  signal  button  (red  arrow  for 
'  down,  green  arrow  for  up).  When 
one  touches  the  appropriate  arrow, 

‘  body  capacitance  to  ground  (metal 
building  frame)  closes  the  circuit 
thus  triggering  the  tube.  The  tube 
'  is  located  directly  behind  the  arrow. 

All  tubes  on  a  floor  for  a  given  di- 
'  rection  are  connected  together  so 
that  touching  one  lights  all. 

When  the  tube  fires,  it  estab- 
I  lishes  a  potential  on  the  floor 
selector  controller  on  the  elevator 
lift  mechanism  in  the  motor  pent¬ 
house.  When  the  floor  selector  con- 
I  tacts  the  potential  bearing  brush, 

{  it  cancels  the  call,  extinguishing  the 
I  tube,  and  stops  the  elevator  at  the 
floor. 

Part  of  the  electronic  control  in¬ 
stalled  for  the  first  time  in  the  Uni¬ 
versal  Pictures  Building,  New 
York,  is  a  time  delay  adjusted  to 
start  cycling  every  time  a  signal 
•tube  fires.  The  time  delay  is  ad¬ 
justed  to  the  interval  normally  re- 
i  quired  for  an  elevator  to  stop  at  a 
I  floor,  discharge  and  take  on  pas- 
I  sengers,  and  accelerate.  If  no  ele¬ 
vator  is  in  motion  after  this  inter¬ 
val  (such  as  at  night  when  the 
elevator  bank  is  attended  by  the 
watchmen)  following  the  firing  of 
I  a  tube,  the  time  delay  sounds  a 
'  buzzer  in  the  elevators  to  alert  the 
;  operators.  The  time  delay  contin- 
:  ues  recycling  until  interrupted  by  a 
!  signal  from  a  moving  elevator. 

I  The  equipment  that  the  elec¬ 
tronic  system  replaced  consisted  of 
a  bank  of  multicontactrr  relays  and 
multiconductor  cables  to  all  floors. 
The  gas  tubes  at  each  floor  replace 
I  the  relays  and  fewer  cable  pairs 
1  are  required  to  all  floors.  Although 
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-  TUiES  AT  WORK 


1-MC  CRYSTAL 


i"'. 


^ 


■Companion  to  the  ‘.005%  wide  range 
1-mc  crystal, the  newest  RK-7B  can  be 
produced  at  series  resonance,  32  uufd, 
or  to  your  specifications.  Reeves- 
Hoffman  engineers  are  equipped  to 
work  with  you  in  planning  your  circuits. 


for  detailed  ipecification 
write  for  Bulletin  RHC-x 


HOFFMAN 


CORPORATION 

CllERRY  AND  NORTH  STREETS  •  CARLISLE,  Pa! 


t- 


What  is  one  of  the  basic  requirements  of  a  “good”  instrument? 


SPRINGS  that  remain  constant  for  life 

. . .  one  of  the  reasons  why  Wcstinghouse  instruments  are  good/ 


Westinghouse-made  springs  keep  their  shape  and 
torque  for  life.  “Spring  set”  is  eliminated.  Phosphor- 
bronze  alloys  are  precision-rolled  to  extremely  close 
tolerances.  Calibration  accuracy  is  uniform  and  perma¬ 
nent  over  the  entire  scale  length.  Rigid  torque  inspec¬ 
tion  assures  uniform  tension  characteristics  for  every 
type  of  service.  Each  spring  is  tested  individually. 

And  so  it  is  with  every  other  component  of 
Westinghouse  instruments  .  .  .  each  part  especially 
perfected  for  harmonious  relation  with  all  other 
parts  .  .  .  and  all  parts  designed  and  built  by  one 


manufacturer  .  .  .  Westinghouse.  Such  undivided 
responsibility  of  manufacture  accounts  for  the  life¬ 
long  accuracy  of  all  Westinghouse  instruments. 

For  any  problem  concerning  electrical  instruments 
and  their  application,  consult  a  Westinghouse  instru¬ 
ment  specialist.  Call  your  nearest  Westinghouse  office 
or  write  Westinghouse  Electric  Corporation,  P.  O. 
Box  868,  Pittsburgh  30,  Pennsylvania.  j.403)i 

^  -k  it 

IMMEDIATE  DELIVERIES  on  many 
instruments  .  .  ,  others  up  to  90  days. 


OUSe  INSTRUMENTS 


omen  tvsaYWHOiE 
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as  convenient  to  use  as 
a  fountain-pen  desk-set 


XXANDSOME  and  handy  .  .  .  and  low  priced  too!  It's  a 
dfsk  mike,  it's  a  hond  mike.  The  Turner  Model  35X  brings 
high  convenience  to  amateur  communications,  home  record¬ 
ing,  paging  and  coll  systems.  A  quarter-turn  releases  haridle 
from  base  or  locks  it  securely.  Turner  precisicm  engineering 
assures  smooth  response  to  both  voice  and  music  pickups. 
Complete  unit  includes  microphone  with  handle,  base,  end 
7  it.  coble.  Ask  ior  Bulletin.  Sent  on  request. 

THE  TURNER  COMPANY 


90S  17th  Street  NX 


Cedar  Rapids,  Iowa 


Licensed  under  patents  of  the 
Brush  Development  Company 


electronic  sigrnal  control  is  applic¬ 
able  to  elevator  installations  in  any 
building,  the  present  installations 
are  being  made  in  large  buildings 
where  elevators  travel  at  500  feet 
per  minute  or  faster. 

Single-Sideband  Converter 

In  keeping  with  the  current  inter¬ 
est  in  single  sideband  reception,  the 
circuit  of  the  Millen  adapter  unit 
is  shown  in  the  accompanying  dia¬ 
gram.  It  consists  of  a  crystal-con¬ 
trolled  low-frequency  converter  de¬ 
signed  to  adapt  communication 
receivers  for  selectable  single  side¬ 
band  reception.  Eliminating  one 
of  the  side  bands  by  selection  re¬ 
duces  interference,  both  from  the 
standpoint  of  noise,  and  heterod^e 
signals,  owning  to  the  reductmn 
of  the  normal  receiver  bandwidth 
to  approximately  26  percent. 

The  unit  consists  of  a  crystal- 
controlled  oscillator  and  a  mixer 
which  converts  the  normal  456-kc 
i-f  to  50.6-kc;  an  i-f  amplifier  with 
four  high-Q  tuned  circuits;  a  de¬ 
tector  and  audio  amplifier,  and  a 
•power  supply.  A  lever-type  switch 
mounted  on  the  front  panel  switches 
the  oscillator  crystal  to  provide 
either  49.5  or  50.6  kc  to  select  the 
sideband  which  is  to  be  passed. 

The  465-kc  output  from  the  re¬ 
ceiver  is  coupled  to  the  sideband 
selector  by  a  small  loop  on  the  input 
cable  which  is  slipped  around  the 
diode  plate  pin  on  the  receiver  de¬ 
tector  tube.  The  audio  output  of 
the  selector  can  be  used  directly  for 
headphone  reception  or  the  output 
may  be  fed  into  the  audio  amplifier 
in  the  receiver  for  loudspeaker  re¬ 
ception. 

The  normal  receiver  audio  gain 
control  is  turned  off  so  that  the  out¬ 
put  from  the  receiver  detector  does 
not  get  into  the  audio  amplifier.  In 
some  receivers  the  leakage  may  be 
such  that  it  will  be  necessary  to 
disconnect  the  first  audio  amplifier 
tube. 

The  i-f  transformers  J,  and  T, 
are  aligned  to  50.5-kc  and,  with  the 
switch  in  the  upper  sideband  posi¬ 
tion,  the  response  at  50-kc  is  about 
5-db  down. 

When  the  switch  is  in  the  double 
sideband  position,  T,  has  been  re¬ 
tuned  by  capacitor  A  to  49.5-kc  and 
this  (plus  Ti,  which  is  still  tuned 
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LAMINATID  PLASTICS:  PHENOL  FIBRE  •  VULCANIZED  FIBRE  •  Sheets.  Rods,  Tubes,  and  Fabricated  Parts 
NORRISTOWN,  PENNA.  •  Offic0$  in  Principal  CUin$  •  Pacific  Coast  Plant:  LA  VERNE,  CAU 
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E  ASSEMBLY  LINE 


TIME-SAVERS  ON 


liveries  of  precision-made  parts  possessing  the 
exact  physical  and  electrical  characteristics 
you  require. 

It  will  pay  you  to  find  out,  now,  what  Taylor 
can  do  for  you.  Please  make  your  inquiry  as 
specific  as  you  can  .  .  .  including,  if  possible, 
a  sketch  or  blueprint.  Our  engineers  will  give 
it  their  immediate  attention. 


Samples  illustrated,  from  top  to  bottom: 

Terminal  plate,  punched  from  Phenol  Fibre  sheet. 
Pulley,  machined  from  Vulcanized  Fibre  sheet. 
Switch  back  plate.  Phenol  Fibre. 

End  iaminationfor  small  motors.  Vulcanized  Fibre. 


For  many  a  manufacturer,  parts  and  sub- 
assemblies  of  Taylor  Laminated  Plastics  save 
time  on  the  production  line  .  .  .  because  they 
can  be  fabricated  with  such  precision  that 
inspection  is  speeded,  rejects  reduced,  and 
assembly  accelerated. 

Are  you  interested  in  making  your  own  parts 
of  Phenol  Fibre,  Vulcanized  Fibre,  or  special 
laminates?  Taylor  can  supply  you  with  sheets, 
rods,  or  tubes  .  .  .  and  with  helpful  assistance 
in  fabrication. 

Are  you  seeking  a  dependable  source  of 
supply  for  parts  fabricated  to  your  specifi¬ 
cations?  Taylor’s  Fabricating  Service  is  ready 
to  solve  your  problem,  with  on-schedule  de¬ 


i> 


TUBES  AT  WORK 


(continiicd) 


X-Raying  Flier  Reactions 

How  a  flier  reacts  physically  to  the 
strain  of  a  crash  landing  or  the 
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to  50.5-kc)  results  in  a  sharp-nosed 
curve  ideally  shaped  for  aural  car¬ 
rier  tuning  peaked  at  50-kc.  This 
double-sideband  tuning  position  can 
be  used  for  normal  operation.  Its- 
I  selectivity  is  high  enough  to  atten- 
I  uate  most  high-frequency  hetero- 
I  dynes  lying  above  2,000  cycles. 

When  the  interference  gets  bad 
and  the  off-frequency  carrier  gets 
in  closer  so  that  the  beat  note  drops 
to  1,000  or  600  cycles,  one  of  the 
single  sideband  positions  is 
I  switched  in,  and  the  tuning  control 
I  rocked  slightly.  If  the  heterodyne 
persists,  the  other  sideband  is 
switched  in  and  the  tuning  control 
j  rocked  again.  For  maximum  re- 
I  jection  it  is  necessary  to  climb  up 
^  slightly  on  the  low-frequency  side 
I  of  the  curve  to  a  point  about  5-db 
1  below  the  peak. 

The  first  section  of  the  6SN7GT 
operates  as  an  infinite-impedance 
detector,  and  the  second  sec^^’on  of 
the  tube  is  used  as  an  audio  ampli- 
j  fier.  A  high-pass  filter  having  h  igh 
j  attenuation  to  frequencies  below 
I  300  cycles  is  installed  in  the  audio 
I  circuit.  This  filter  not  only  re- 
j  moves  undesired  low-frequency 
j  beat  notes,  but  makes  speech  sound 
I  natural  by  attenuating  the  lows  in 
proportion  to  the  highs.  It  also 
takes  out  some  of  the  noise. 


when  a  cast  is  executed.  These  gears  nthstlii 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter  " 

for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  onr  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


ID^aker  City  Geai  Woiks  i 

incorporated 

1910  N.  Front  Street,  Philadelphia  22,  Pa.  i 
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DOUBLE 

SIDEBAND 


UPPER 

SIDEBAND 


Circuit  diagrcmi  oi  the  single-eideband 
couTerter 


Television  the  new  look 


GENERAL  m  ELECTRIC 


A 


The  Magnet  that  gives 


r  —  “  —  —  ■ 

I  METALLURGY  DIVISION 
I  CHEMICAL  DEPARTMENT,  SECTION  CM-7 
I  GENERAL  ELECTRIC  COMPANY 
I  PITTSFIELD,  MASS. 

I  Please  send  me: 

I  □  Bulletin  CDM-1,  “G-E  Permanent  Magnets.” 

I  Name . . . . . . Title . . 

I  Company _ _ _ _ 

I  Products  Mfrd . . . . . . . 

I  Address . . . . 

I  City - - — _ _ State . 


Clear,  sharp  television 
reception  with  the  new 
G-E  Magnetic  Focusing 
Assembly. 

Th*  magnetic  lUld  sat  wp  by 
Hm  oMambly  focus**  th*  *l*c« 
tr*n  boom  an  th*  t*l*vi*i*n 
scroon.  Th*  combined  effect  ef 
the  G-E  Cast  Alnice  6  permanent  magnet  and  a  small 
ceil  produce*  this  magnetic  field  axial  with  th*  tub* 
neck.  Th*  ring  magnet  supplies  th*  bulk  of  th*  mag* 
netic  flux  while  th*  coil  acts  as  a  vernier  adjustment. 
Th*  punched  pole  pieces  collect  th*  magnetic  flux  and 
direct  it  into  a  uniform  radial  pattern. 

Outstanding  advantage*  of  this  new  assembly  are 
increased  efficiency  and  compactness.  Defocusing  due 
to  line  voltage  fluctuation  and  warm*up  drift  is 
eliminated. 


Now  it’s  permanent  magnets  for  better  television  re¬ 
ception.  The  permanent  magnet  shown  above  keeps 
electrons  on  the  beam  . . .  eliminates  blurring  of  the 
television  picture.  Once  the  set  has  been  focused  further 
adjustments  are  unnecessary.  And,  the  use  of  a  G-E  per¬ 
manent  magnet  results  in  greater  efficiency  since  no  heat 
is  generated  by  the  Cast  Alnico  ring  magnet. 

An  outstanding  feature  of  this  ring  magnet  is  the  very 
thin  wall  section  developed  by  G-E  process  engineers. 
Heretofore  this  was  possible  only  with  sintered  magnets. 
Better  permanent  magnets  as  well  as  new  applications  are 
constantly  being  developed  by  G-E  engineers. 

Perhaps  you  can  improve  the  efficiency  of  your  product 
with  G-E  permanent  magnets.  General  Electric  will  be 
glad  to  work  with  you  to  improve  your  product.  Greater 
flexibility  of  magnet  design  is  possible  with  the  many 
G-E  permanent  magnet  materials  now  available.  All  are 
produced  under  rigid  quality  control  methods.  This  as¬ 
sures  you  of  receiving  magnets  of  the  highest  uniform 
quality  for  your  application. 

PERMANENT 
MAGNETS 


ELECTRONICS  — Ju/y,  1948 


*^n6v/6r  ^  Qud6(^on.4(omer  Sn&dj. 
•And  you  II  be  iMn^on  jSisySfcwetri" 


TUBIS  AT  WORK  (coiitimiwl) 

shock  of  being  jcatapulted  from  a 
crippled  plane  is  being  determined 
in  one  of  the  more  recent  uses  of 
millionth-of-a-second  x-ray  equii>- 


July,  1 94«— ELECTRONICS 


WIN  A  million 


EmcM:  “How  much  does  it  cost,  by  Air  Express 
To  ship  10  poimds  1200  miles,  no  less?” 
Homer:  “Why  didn’t  you  ask  me  that  before? 

=  All  it  costs  is  $3.84! 


“I  use  it  many  times  each  day — 

It’s  the  fastest  |x>ssible  way  to  make  hay! 
Easy  Street’s  already  my  address. 

Thanks  to  Schedule  Airline  Air  Express. 

“What’s  more  you  get  door-to-door  ae’“.Toe,  too 
— And  all  at  no  extra  cost  to  you. 

In  these  days  of  price  inflation 

Air  Express  rates  are  cause  for  elation!” 


Sfedfij  Air  Ecpress-Wbrlds  fastest  Shipping  Service 

•  Low  rates — special  pick-up  and  delivery  in  principal  U.  S.  towns  and 
cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

True  case  histnry:  Truck  and  auto  parts  comprise  big  portion  of  Air 
Express  shmments.  Keep  equipment  rolling!  Typical  36-lb.  shipment 

Sicked  up  I^troit  late  afternoon,  deUveied  Salt  Lake  City  noon  next 
ay.  1507  miles.  Air  Express  char^  $16.58.  Any  distance  similarly 
inexpensive.  Phone  local  Air  Express  LHvision,  Railway  Express  Agency, 
fm:  fast  shipping  action. 


^ers  mene  nnsr- 


RoIm  includ*  picli-Dp  ami  dalivory  doer 
to  door  in  oil  principal  towns  and  cities 


AIR  EXPRESS,  A  SERVICE  OF  RAILWAY  EXPRESS  AG0<4CY  AND  THE 

SCHEDULED  AIRLINES  OF  THE  U.S. 


merit.  Both  Army  and  Navy  medi¬ 
cal  laboratories  are  making 
sequence  photographs  to  -obtain 
visual  evidence  of  what  happens  to 
a  pilot’s  spine,  heart  and  other 
organs  under  such  conditions,  ac¬ 
cording  to  Charles  M.  Slack,  re¬ 
search  director  of  Westinghouse 
Lamp  Division. 

In  crash  landings,  a  flier  under¬ 
goes  a  shock  equivalent  to  10  times 
that  suffered  by  a  motorist  if  he 
could  halt  his  machine  in  one 
second  from  an  85-mile-an-hour 
speed.  Body  harnesses  cushion 
such  deceleration  blows,  but  more 
knowledge  of  the  action  of  the  body 
organs  may  be  of  value  in  further 
solving  the  problem. 

At  supersonic  plane  speeds,  a 
pilot  would  be  cut  to  ribbons  by  the 
wind  if  he  tried  to  climb  out,  so  a 
catapult  throws  him  out  when  a 
button  is  pushed. 

The  high  acceleration  necessary 
to  get  the  pilot  out  without  his 
striking  the  plane  causes  a  violent 
jolt  to  his  organs,  about  20  times  as 
severe  as  the  normal  pull  of  grav¬ 
ity.  X-ray  studies  of  ejection-seat 
body  bending,  and  studies  of  the 
proper  amount  of  explosive  force 
required  to  fire  pilots  out  of  the 
cockpit,  are  under  investigation. 


R-F  HEATING  TRUNK 


Diathermy  treatments  are  given  sick  ele¬ 
phants  at  the  Olympia  circus  in  London 
when  they  develop  librositis  oi  the  trunk 
in  wet  windy  weather 


Alsimag  can  be  extruded  to  almost  any  desired  cross*  bty  for  you.  The  single  Alsimag  component  can  become 
section.  It  can  then  be  machined  to  incorporate  addi-  virtually  a  sub-assembly  and  the  focal  point  of  your  as- 
tional  features  before  firing.  This  combination  of  extru-  ..sembly  operation.  Alsimag's  uniformity  of  dimensions  and 
sion  and  machining  often  permits  unusuaily  economical  of  physical  characteristics  form  an  ideal  base  on  which  to 
production  of  components  which  appear  highly  complex,  build  a  quality  product  with  speed  and  economy.  Our 
In  many  instances  these  components  can  be  designed  to  engineers  will  be  glad  to  offer  cost  saving  suggestions  if 
perform  several  functions.  The  result  Is  simplified  assem-  you  will  submit  details  of  your  design  and  requirements. 

4  7  T  H  '  Y  E  A  n  OF  CERAMIC  LEADEK5HIP 

AMERICAN  LAVA  CORPORATION 

CHATTANOOGA  5,  TENNESSEE 

SAUS  omccs :  ST.  LOMS.  MO.,  1123  WmMmiIm  Aim..TM:  CwfWtf  m»  •  CAMSMOOE.  MASS..  3M  BntIM  St.TM;  KIiWmS  44IS  •  PtWADOMIA.  PENNA.  1S49  N.  hmt  St.TM:  *Tr— -7-  4-2t23 
NCWAM,  N. J..  S71  BimS St.TM:  MNcImN  2-tlSS  •  CHKAOO.  S  S.  CMm  St.TM:  CmM  1721  •  SAN  FKANCISCO.  1S3  2M.  SL. TM;  Po»itM  24M  •  LOS  AN6EUS.  324  N.  Sm  NAn  SL.TM:  MatMl  SOTS 
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(continiwd  from  p  130) 


PHOTOTuee 


AN3101 

Extontion  Cord  Rocoptado 


(iw) ; 
0X)C»  1 

KMCAPt^ 


WK-21C  Plug 
Intogral  Clamp  Typo 
(kholl  only  shown) 


•6SN7 


40p00‘ 

(2W) 


DP-S1043 
DP-SI  0-34 

Both  Panol  Mounted 


40,000 


4,000  4,000 


(450V)  (♦)! 


■)  K)  (450V) 


TQ-1-13B 

Rocoptado 


(STANCOR) 

(P60tl) 


Circuit  of  stable  current  amplifier 


ation  is  measured  with  a  platinum, 
zirconium,  or  tantalum  phototube. 
Current  flowing  through  the  photo¬ 
tube  in  the  presence  of  radiation 
passes  through  a  large  resistance 
to  develop  a  voltage  output.  An 
economic  and  stable  current  ampli¬ 
fier  was  developed  for  use  under 
these  conditions.  It  is  compact  and 
sufficiently  rugged  to  be  mounted 
on  manufacturing  machinery  for 
quality  control.  The  circuit  is 
shown  in  the  accompanying  dia¬ 
gram. 

Circuit  Considerations 

Because  the  load  resistor  used 
with  the  phototube  is  of  very  high 
resistance,  the  amplifier  must  have 
a  high  input  impedance.  The 
vacuum  tube  bridge  circuit  chosen 
has  the  necessarily  high  input  im¬ 
pedance  and  low  reverse  grid  cur¬ 
rent  without  requiring  regulation 
of  the  plate  supply.  Gas  current  is 
minimized  by  keeping  the  plate 
voltage  of  the  first  stage  low  (about 
17  volts)  and  by  choosing  proper 
grid  bias.  The  load  resistors  in 
the  cathode  circuit  make  the  ampli¬ 
fier  highly  degenerative  resulting 
in  a  very  small  net  change  in  grid 
voltage  with  signal  voltage  applied 
and  a  correspondingly  small  grid 
current  change.  The  measured  gas 
current  is  75  X  10  *  microamperes, 
compared  with  the  phototube  cur- 


03-13 

RuceptacI* 


XL-13L 

RacuptacU 


SINCE  191S 


3209  HUMBOLDT  STv  LOS  ANGELES  31,  CALIF. 

WORLD  EXPORT  (•xcapting  Rritith'  Eiiiplr«)i 
•  FRAZAR  &  HANSEN.  301  CLAY  STREET 
SAN  FRANCISCO  1i;  CALIFORNIA 


IN  CANADA  A  BRITISH  EMPIRES 

CANNON  ELECTRIC  COMPANY,  LTD. 
TORONTO  13.  ONTARIO 
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THE  ELECTRON  ART  (cMitinMd) 

rent  of  500  x  10  *  microamperes. 
To  obtain  sufficient  current  to  oper¬ 
ate  a  0-1  ma  meter,  a  second  stage 
of  amplification  is  used. 

The  balanced  circuit  stabilizes 
the  amplifier  against  changes  in 
powen  line  voltage.  Dual  triodes 
are  used  because  changes  are  likely 
to  affect  both  sections  more  equally 
than  they  would  were  each  triode, 
in  a  separate  envelope,  and  espe¬ 
cially  because  the  gas  currents  will 
be  equal  during  the  life  of  the  tube. 
A  30  percent  change  in  line  voltage 
(90  to  130  volts)  moves  the  zero 
setting  only  4  percent  of  full  scale. 

Because  voltage  amplification  is 
not  needed  in  this  application,  the 
stability  is  readily  obtained  by 


Spectral  response  at  1.850  and  2,537  Ang¬ 
stroms  are  measured  in  laboratory  by 
placing  photometer  obore  lamps 

making  both  stages  highly  degener¬ 
ative.  Thus  a  1.5-volt  input  pro¬ 
duces  full  scale  deflection  with 
maximum  sensitivity;  6  volts  pro¬ 
duce  minimum  sensitivity. 

Although  the  leakage  of  the 
6SN7  is  negligible,  a  6F8G  double 
ended  tube,  dipped  in  wax,  was 
used  to  reduce  possible  leakage  dur¬ 
ing  high  humidity.  However,  al¬ 
most  any  double  triode  would  be 
satisfactory  in  this  highly  degen¬ 
erative  circuit.  The  input  resistor 
was  sealed  in  a  glass  tube  and 
waxed  to  further  prevent  leakage 
at  the  input.  With  the  phototube 
and  amplifier  housed  in  a  6  x  9 
X  5  inch  cabinet,  and  with  the  in¬ 
put  capacitor  (which  incidentally 
is  another  source  of  leakag3)  re¬ 
moved,  the  stability  and  shielding 
protected  the  equipment  from  dis¬ 
turbance  by  a  spark-gap  induction 
unit  10  ft  away. 

Zero  drift  after  the  first  10 
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This  is  the  NEW  Astatic 


Two  Equalizer-Amplifier  Models  Available 


in  Corporation 

CONNBAUr,  OHIO 

CamaOA  ^iTAlK  ho  7090*^10 


^MAGNETO 
■  INDUCTION 
F  PICKUP 

they're  talking  about.. 


.  .  .  And  small  wonder,  indeed,  that 
such  a  radical  departure  from  established  engineering  prece¬ 
dent  is  causing  universal  comment  in  the  'field.  The  Astatic 
Magneto-Induction  Pickup  Ckurtridge,  contrary  to  operating  prin¬ 
ciples  of  previous  magnetic  type  units,  eliminates  the  need  for 
"air  gaps."  Revolutionary?  Yes,  in  construction  and  equally 
so  in  terms  of  performance.  Absence  of  delicately  spaced  air 
gaps  means  no  more  trouble  or  diminishing  quality  of  reproduc¬ 
tion  due  to  lint  and  dust  collection.  No  more  need  for  delicate 
handling.  No  more  costly,  troublesome  armature  balancing 
problems.  Free  of  such  limitations,  the  Magneto-Induction  car¬ 
tridge  provides  peak,  unchanging  fidelity  of  reproduction,  under 
consistent  service  or  adverse  climatic  conditions.  It  is  another 
.  major  contribution  to  greater  listening  pleasure  by  Astatic. 

Write  for  Complete  Technical  Data,  Prices. 


TWO  MODELS  NOW  AVAILABLE 

MODEL  MI-1.  MODEL  MI-2, 

Standard  Housing  Mumetal  Housing* 

‘Provides  increased  shielding  effect 
for  maximum  reduction  of  hum. 


Model  EA-2  Equelixer-Ainplifler,  self- 
powered,  provides  ediustebie  ’’bess- 
booft”  with  ediustebie  treble  "roH- 
off**  end  selection  of  "turnover  fre¬ 
quency."  , 


Model  EA-i,  compect  unit  designed 
for  redio  sets  end  eudio  emplifiers 
heving  insufficient  gein  for  operetion 
of  Astetic  Megneto-Induction  Pickup 
Certridges.  Provides  "bess-boost." 


1  IM volt  lot 


Kester 

SOLDER 


THE  ELECTRON  ART  •  (continued) 

minutes  warmup  is  about  2  percent. 
After  an  hour’s  warmup,  the  drift 
over  4  hours  was  unnoticeable.  An 
input  resistor  is  chosen  so  that, 
with  normal  radiation  reaching  the 
phototube,  from  1.6  to  3  volts  are 
produced  across  the  input.  With 
the  phototube  covered,  the  meter  is 
zeroed  by  adjusting  the  balancing 
potentiometer.  With  a  standard 
source  radiating  the  phototube,  the 
multiplier  rheostat  is  adjusted  to 
give  the  desired  meter  deflection. 

With  a  WL-782  Sterilamp  about 
30  inches  from  a  tantalum  photo¬ 
tube,  and  a  500-megohm  resistor, 
and  about  an  inch  of  the  arc  un¬ 
covered,  full  scale  meter  deflection 
was  obtained.  With  a  Westing- 
house  RS  Sunlamp  and  a  zirconium 
phototube  similarly  placed,  full 
scale  deflection  was  obtained  at 
about  half  sensitivity.  A  platinum 
phototube  is  used  to  measure  radia¬ 
tion  near  1,860  Angstroms. 


For  Every 


Electronic  Camera  Shutter 

The  fastest  shutter,  capable  of 
taking  a  picture  with  an  effective 
exposure  time  of  a  hundredth  of  a 
microsecond,  has  been  developed  by 


Cut  labor  costs  and  increase  efficiency 
with  Kester  Plastic  Rosin-Core  Sol¬ 
der.  Its  uniformity  and  dependability 
assure  you  the  utmost  speed  in  every 
type  of  soldering  operation. 


There  is  a  Kester  "Specialized”  Flux- 
Core  Solder  in  strand  size,  type  of 
flux,  and  alloy  to  fit  your  needs.  Con¬ 
sult  our  Technical  Service  Depart¬ 
ment  on  any  soldering  problem. 


Normally  light  is  blocked  (A),  but  when 
voltage  is  applied  to  the  cell  its  fluid  be¬ 
comes  bireiringent  enabling  the  light  to 
pass  both  polarising  filters  (B)  of  this  elec¬ 
tro-optical  shutter 

Dr.  A.  M.  Zarem  for  use  in  -  syn¬ 
chronized  microtime  photography 
at  the  Navy’s  new  Michelson  Lab¬ 
oratory  at  Inyokern,  Calif.  This 
shutter  is  a  part  of  the  program 
for  precision  measurement  of  time 
intervals  and  study  of  high  speed 
phenomena. 

The  Zarem  shutter  is  basically  a 
Kerr  cell  mounted  between  crossed 
polarizing  filters.  Normally  light 


KESTER  SOLDER  COMPANY  1 

4204  Wrightwood  Avsnue,  Chicago  39,  Illinois 

factories  Also  at 

Newark,  New  Jersey  •  Brantford,  Canada 
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An  IT&T  Associate 


How  to^jtowet  better 
rW*  television 

\  *«r  “«fe  people 


IN  ow  YOU  CAN  design  a  television  receiver  that  thousands  in¬ 
stead  of  hundreds  can  afford  to  buy.  You  can  improve  electronic 
performance  and  make  a  longer  lasting  set— all  at  less  cost. 

The  answer  is  simple.  Specify  Selenium  Rectifiers  in  the  mul¬ 
tiple  power  supply. 

You  eliminate  power  transformers,  rectifier  tubes  and  filter 
chokes.  You  cut  the  weight  of  power  supply  by  as  much  as  90  per 
cent,  because  a  complete  Selenium  imit  weighs  less  than  half  a 
pound.  Power  supply  parts  can  be  mounted  almost  anjrwhere  in 
the  set  for  important  space  savings,  too. 

You  get  cooler  operation  for  longer  life  of  all  components  . . . 
electronic  advantage  of  no  interference  to  the  cathode  ray  tube 
by  stray  magnetic  fields  .  .  .  new  design  flexibility.  Lighter  and 
more  compact  television  receivers  are  now  a  reality! 

First  manufacturer  of  Selenium  Rectifiers  in  this  country  and 
pioneer  of  their  many  applications,  Federal  is  first,  too,  in  Sele¬ 
nium  Rectifiers  to  power  television  receivers. 

Write  today  for  “Selenium  Rectifiers  for 
Television  Receivers”— a  paper  that  gives  full 
0/1^  information.  Write  Dept  F-913. 


DC  VOLTS  TO 
powra  TELSVISION 
MCSIVSR 


117 

VOLTS 

AC 


l25AIIS.a  250  VOLT  TYPE  F.P. 
leSAlPO  550  VOLT  TYPE  P.P. 
PEDEPAL  404P  2795 
22P-  IWATT 


Federal  Telephone  and  Radio  Corporation 


KEEPING  FEDERAL  YEARS  AHEAD  . . .  is  IT&T's  world-wid* 
resaarch  and  anginaaring  organization,  of  which  tha  Fadarol 
Talaconwnunication  Laborotorias,  Nutlay,  N.  J.,  is  a  unit. 


In  Conodo:— Fadaral  Elactric  Manufacturing  Comgany,  Ltd.,  Monfraal,  P.Q. 
Export  Distributors:— Intamotional  Stondard  Elactric  Carp., 67  Srood  St.,N.Y. 
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Lh5HT  SOURCE 
^  ^COLLIMATING  L*ENS 

C>\P2^*’'ZER _ POLAROID 

[  •;^^^KERRCELL  LIGHT  VALVE 

ELECTROOES^ig^^^NALYSER 

“A  >'  1  ^  CAMERA  LENS 

GLASS  CONTAINER"'  /  ( 

POLAROID' 


Industf7’s  Dependable 
Source  For  Every  Type 
Of  Fastening 


PHOTOGRAPWO  FILM  OR  PLATE 


Hiqh  speed  Zarem  shutter  is  Kerr  cell  be¬ 
tween  crossed  polarising  filters 


from  the  source  is  polarized  in  one 
direction  by  the  first  filter  and, 
after  passing  through  the  cell,  is 
blocked  by  the  second  filter.  How¬ 
ever  when  about  6,000  volts  are  ap¬ 
plied  across  the  electrodes  of  the 
cell  the  fiuid  with  which  it  is  filled 
rotates  the  light  as  it  passes 
through  so  that  the  beam  is  unaf¬ 
fected  by  the  second  filter.  The 
speed  of  exposure  is  controlled  by 
the  voltage  pulses  applied  to  the 
cell.  A  material  that  rotates  the 
plane  of  polarization  of  light  is 
said  to  be  biref ringent ;  application 
of  the  voltage  makes  the  fiuid  be¬ 
come  birefringent.  The  shutter 
can  be  operated  at  a  frame  rate  of 
some  10,000,000  exposures  per 
second. 


*  How«v«r  complax  or  timpU  your  fostaning 
raquiraaiaiits  may  ba,  fkay  con  ba  mat  by  tha 
comprahansiva  ranga  of  standard  or  spaciol 
HOLTITE  itams  producad  by  tha  Continantal 
Scraw  Company. 


For  ovar  43  yaors  thb  progratsiva  plant  bos 
leapt  slap  with  tha  advanca  of  Amarican  in¬ 
dustry— maating  its  currant  naads  os  wail  as  an- 
ticipoting  its  futura  raquiramants.  In  tha  axtansiva 
HOLTITE  plant  sicillad  anginaartng  talant  sup- 
plamants  complataly  modam  aquipmaitt,  Cham- 
ical  and  Mataliurgicai  Rasaarch  Laborotorias, 
and  avary  modam  sdantific  inspaction  and  tast¬ 
ing  davica.  in  short,  wa  ora  aquippad  with  tha 
most  capabla  man,  mathods  and  machinary  to 
provida  a  dapandabla  sourca  for  avary  typa  of 
modam  fastaning.  Spacify  HOLTITE  for  officiant, 
aconomical  application  in  avary  assambiy. 


Dynamic  Sound 
Reproduction 

By  T.  S.  Korn 

Ckercheur-libre 
(Research  Associate) 
University  of  Brussels 
Brussels,  Belgium 


FfqwoHy,  a  spacM  feiNiiiiig  or  part  dotigiwd  for  a 
portiewor  pwpoM  will  roploco  tovoral  rHmdm  faitoii- 
ing*  or  pari*  and  offoct  ddRnito  rovings  in  labor  and  mo- 
torial  costs. 

Wo  hovo  comploto  focilitins  for  producing  spaciois 
•Koct  to  your  spodRcoHons,  bluo  prints  or  soMplos. 


Amplifiers  for  sound  reproduction 
usually  have  controls  for  volume 
and  tone,  but  not  for  the  dynamic 
range,  or  simply  the  dynamics.  In 
fact  little  attention  is  given  to  the 
ratio  of  the  loudest  to  the  softest 
levels  at  which  music  is  reproduced. 
A  qualitative  survey  of  the  dynamic 
requirements  of  reproduction  has 
been  made.  A  simple  circuit  for 
controlling  the  dynamics  has  been 
developed  to  fill  these  requirements. 

Dynamics  of  Music 

When  a  volume  expander  is  in¬ 
corporated  in  a  phonograph  play¬ 
back  or  radio  receiver  amplifier  to 
restore  the  original  dynamic  range, 
compressed  for  recording  or  trans¬ 
mitting,  the  opinion  of  listeners 
about  the  enhanced  musical  con¬ 
trast  is  not  always  favorable.  The 
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FIG.  1 — Pr«f*rabl«  dynamic  rang*  d*p*nds 
on  til*  ombtont  nois*  1*t*1  in  th*  room 
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dynamics  of  music  is  originally  sug¬ 
gested  by  the  composer.  The  con¬ 
ductor  may  modify  the  dynamics  in 
the  light  of  his  interpretation,  be¬ 
havior  of  listeners  and  local  noise. 
However,  the  dynamics  of  music 
that  is  broadcast  or  recorded  may 
not  be  appropriate  for  the  condi¬ 
tions  in  the  rooms  in  which  it  is 
reproduced.  Hence  some  means  of 
adjusting  the  dynamics  to  meet  the 
prevailing  auditory  conditions  is 
advisable. 

The  dynamics  of  music  are  lim¬ 
ited  on  one  hand  by  room  noise  and 
on  the  other  by  the  highest  admis¬ 
sible  level  for  the  listeners'  ears. 
Both  factors  depend  principally  on 
the  purpose  the  music  is  to  serve. 
From  the  viewpoint  of  dynamics, 
musical  programs  can  be  classified 
for  their  dramatic  or  their  enter¬ 
tainment  value.  Music  reproduced 
for  these  two  purposes  requires 
different  dynamic  ranges  as  well  as 
different  average  volume  levels. 


As  discussed  by  S.  Sabaroff  (See  Electronics,  June,  1948)  in  his  orticle— 

"DISTORTION  ANALYSIS  WITH  THE 
CLIPPED  SINE  WAVE” 


In  a  recent  article  in  ELECTRONICS,  S.  Sabaroff  dis. 
cussed  the  various  kinds  of  distortion  often  present  in 
amplifiers  and  showed  how  to  identify  and  analyze  them 
with  the  Sine  Wave  Clipper.  He  indicated  that  the 
Clipper  is  not  limited  to  high  fidelity  work  since  his  arti¬ 
cle  covered  the  use  of  this  invaluable  instrument  in  three 
representative  types  of  amplifiers:  a  high  quality  nnit,  a 
communications  type  amplifier,  and  an  inexpensive  in¬ 
terstage  audio  transformer. 

The  B&W  Sine  Wave  Clipper  speeds  accurate  analysis 
of  audio  circuits,  simplifies  selection  of  components,  and 
saves  valuable  time.  It  is  a  high  quality  laboratory  in¬ 
strument  that  will  do  most  of  the  jobs  usually  assigned  to 
a  square  wave  generator  costing  about  10  times  as  much! 
Designed  to  be  driven  by  an  audio  oscillator,  the  unit 
provides  a  cUpped  sine  wave  particularly  useful  in  ex¬ 
amining  the  transient  and  frequency  response  of  audio 
circuits.  Used  in  engineering  work,  repair  work,  or  with 
equipment  under  development,  it  will  quickly  pay  for  it¬ 
self  many  times  over. 


Audience  Reaction 


High  fidelity  reproducing  sys¬ 
tems  should  be  designed  to  repro¬ 
duce  the  full  dynamic  range  of  the 
program.  However,  listeners  de¬ 
mand  two  types  of  reproduction,  as 
indicated  above :  dramatic  repro¬ 
duction  in  which  the  listeners’ 
attentions  are  concentrated  on  the 
program,  and  entertainment  re¬ 
production  in  which  the  program  is 
an  unobstrusive  background  to 
other  interests.  In  dramatic  repro¬ 
duction,  room  noise  is  usually  low 
(80  to  40  db)  and  a  high  level  of 
forte  (90  to  95  db)  is  acceptable, 
giving  a  dynamic  range  of  from  40 
to  50  db.  On  the  other  hand,  enter¬ 
tainment  reproduction  is  usually 
required  in  noisy  rooms  (60  to  90 
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0  Out  EMgmeermg  Dtpmrt- 
ment  will  assist  yam  m  the 
design  and  mpplicistion  •/ 
hi^  gmalityfiue  pitch  gears, 
warms,  etc.,  witbamt  ahliga- 
tien.  We  invite  yam  to  submit 
yomr  prints  for  quotation. 


amplifier 


OUTPUT 


amplifier 


0  Gears  are  the  motivating  force  in  such  units  as  highly  sensi¬ 
tive  instruments,  fishing  reels,  timers,  tuning  devices,  or  gear 
reducers.  The  smooth  operation  and  often  the  success  of  these 
units  depends  on  the  quality  of  gears  used: 

0  Quality-made  gears  reflect  the  ability  and  experience  of  their 
maker.  In  turn,  they  also  reflea  the  reliability  of 
the  unit  in  which  they  are  installed. 

SIND  FO»  lULLITIN 


riG.  2 — ^Variable  realatcmce  controls  tho 
dyncank  change  that  the  lamp  can  produce 


db).  The  music  should  not  drop 
below  the  ambient  noise  nor  rise 
dominantly  above  it;  the  dynamic 
range  for  public  acceptance  has  to 
be  below  25  db,  possibly  as  low  as 
10  db.  These  ranges  should  be  com¬ 
pared  to  the  dynamic  range  of  20 
to  25  db  with  which  programs  are 
usually  transmitted  or  recorded. 
Figure  1  shows  the  dependence  on 
the  dynamic  range  of  reproduction 
on  the  ambient  noise. 

Because  of  these  wide  dynamic 
ranges  encountered  in  various  con¬ 
ditions,  it  is  advisable  to  incorpo¬ 
rate  a  dynamic  control  in  quality 
amplifiers. 


Dynamic  Control  Circuit 

Rather  than  use  some  form  of 
the  conventional  dynamic  control 
that  requires  additional  tubes  in 
the  amplifier  (and  must  be  intro¬ 
duced  outside  the  negative  feed¬ 
back  loop  usually  used  in  high  qual¬ 
ity  amplifiers)  and  that  has  long 
time  constants,  nne  can  obtain 
dynamic  control  varying  the 
amount  of  fee'  f  Figure  2 
shows  circuits  usiu^  uhis  principle 
for  either  compression  or  expan¬ 
sion.  The  amount  of  feedback  is 
varied  by  the  nonlinear  character¬ 
istic  of  an  incandescent  lamp, 
shown  in  Fig.  3. 

In  the  circuit  of  Fig.  2  the  feed¬ 
back  voltage  is  obtained  from  the 
secondary  of  the  output  trans¬ 
former  and  is  applied  to  the  high- 
impedance  control  circuit.  This 
circuit  consists  of  a  fixed  resist- 
sistance  in  parallel.  A  second  linear 
network  may  be  used  to  further  ad¬ 
just  the  amount  of  feedback.  The 


Remarkably 
LOW  IN  COST 


Oasigncd  to  satisfy  th*  most 
critical  profassioaal  or  amatoar,  tho  Collins 
"Sapar  20"  offers  ansnrpassod  valno  in  an  FM 
RECIIVER.  Tho  advanced  EO-Tnbe  cirenit  fea- 
teres:  Armstrong  FM,  bailt.in  stabiliied  power 
snpply  and  andio  amplifier  capable  of  10-watt 
otttpet;  new  6AL7GT  taning  eye,  connections  for 
2  types  of  phone  pich-ep,  ontpnt  impedances  to 
match  4  to  20  ohm  voice  ceils  and  500  ohm  line, 
and  variable  bass  and  treble  tone  controls  with 
atteneation  and  boost  for  npper  and  lower 
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FIG.  3 — At  hiqhsi  rMistanc*  than  ihown 
h«r*  rMUtance  exponent  ii  constant 


control  circuit,  by  changing  the 
feedback  in  accordance  with  the 
signal  level,  produces  the  dynamic 
compression  or  expansion. 

In  this  circuit  the  resistance  of 
the  incandescent  lamp  varies  by  a 
ratio  of  10:1,  thus,  with  appro¬ 
priate  values  for  the  other  circuit 
parameters,  a  volume  compression 
or  expansion  of  about  10  db  can  be 
obtained.  The  amount  of  dynamic 
change  is  directly  controllable  by 
the  variable  resistance.  A  tapped 
resistance  and  switch  can  be  used 
to  provide  a  sequenee  of  dynamic 
steps  from  full  compression  to  full 
expansion.  The  response  of  a  dy-  i 
namically  controlled  amplifier  is 
shown  in  Fig.  4. 

The  time  delay  of  the  control  cir-  I 
cuit  is  determined  by  the  thermal  I 
inertia  of  the  filament  of  the  in-  | 
candescent  lamp.  By  using  a  lamp 
rated  at  40  ma  or  so  the  attack  time  | 
is  about  30  millisec  (an  attack  time  ^ 
less  than  about  50  millisec  is  nor-  i 
mally  unnoticeable)  and  the  release  , 
time  is  about  150  millisec  (com-  j 
pared  to  100  to  200  millisec  of  j 
vacuum  tube  dynamic  controls). 
The  control  circuit  should  be  ad¬ 
justed  at  the  highest  power  output 


FIG.  4 — Dynamic  ran^M  obtoinobla  irom 
amplifier  incorporating  adjuetable  adc 
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ADJUSTABLE  CAM 


The  *5813  timer  illustrated  is  typical  of 
Haydon  designs  for  low-cost  timing  com¬ 
ponents.  Features  simple,  uncased  construc¬ 
tion  and  standard  components  throughout. 
Flat  shaft  extension  for  mounting  dial  and 
setting  knob.  By  using  standord  adjustable 
cams,  same  timer  can  be  set  to  provide  a 
wide  range  of  fixed  time  intervals,  thus 
eliminating  stocking  of  several  timers  with 
different  motor  speeds.  For  example,  with 
a  4  hour  motor  the  "on"  time  may  be  ad¬ 
justed  from  almost  4  hours  down  to  2  hours; 
same  range  of  adjustment  possible  with  other 
motor  speeds.  _ 

SYNCHRONOUS  TIMING^  MOTOR^^ 

Hay^s  *  1 600  series  timing  motor  provides 
accuracy  and  dependability  at  low  c<»t  for 
manufacturers  who  make  their  own 
The  same  motor  as  used  in  all  Haydon  battery 
charger  timers,  it  is  adaptable  to  all  r^u.re- 
ments  and  made  with  many  variations  to 
individual  specifications.  Slower  speeds 
available  include  1  shaft  revolution  per  I.* 
iVi,  2,  3  and  4  hours. 


These  designs  are  typical  of  the  versatility  and  wide  range  of  the  Haydon 
line  .  .  .  providing  timing  mechanisms  to  meet  special  requirements.  If 
your  needs  are  unusual,  consult  Haydon  timing  engineers.  Send  for  new 
Haydon  Engineering  Data  Catalog. 

2407  Elm  Street,  Torrington,  Connecticut 
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THE  ELECTRON  ART  (conHnvtd) 

of  the  amplifier.  For  a  6-watt 
amplifier  with  An  8-ohm  output,  an 
incandescent  lamp  of  4  to  6  volts 
and  40  ma  rating  should  be  used. 
Larger  amplifiers  require  larger 
lamps  or  several  lamps  in  series. 


•  Research 

•  Models 
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STEEL  When 


Graphical  Determination  of 
Percent  Harmonic  Distortion 

By  Robert  W.  Buchheim 

Instructor  in  Electrical  Engineering 
Yale  University 
New  Haven,  Conn. 

In  designing  resistance  loaded 
amplifiers  or  analyzing  vacuum 
tubes  the  relation  between  load  re¬ 
sistance  and  harmonic  distortion  is 
frequently  needed.  Usually  numer¬ 
ical  calculations  based  on  values 
read  from  characteristic  curves 
are  made  to  find  this  relation ;  how¬ 
ever  a  graphical  method  can  be 
used  that  is  simpler.  Furthermore, 
this  graphical  method  has  the  ad¬ 
vantage  that  it  uses  the  distances 
from  the  characteristic  curve  di¬ 
rectly  without  the  necessity  of  con¬ 
verting  them  to  numbers,  and  it 
has  an  accuracy  that  is  more  com¬ 
patible  with  the  original  data  than 
is  the  arithmetical  computation. 

Basis  for  the  Method 

The  commonly  used  expressions 
for  harmonic  distortion  are 

n  (f  H  ~t~  f  ^•)  ~  (f  X  +  /  r)  ,,v 


a  steel  company  en> 
gineer  was  presented  with  a  problem 
of  testing  steel  with  an  application  of 
variable  frequency,  an  oscillator  out¬ 
put  impedance  as  low  as  0.01  ohms 
was  required  over  a  wide  Frequency 
range. 

Through  the  aid  of  ADC  engineers 
and  the  use  of  special  ADC  designed 
transformers  a  regular  oscillator  was 
equipped  to  perform  the  test  satisfac¬ 
torily  with  great  savings  in  time  and 
money  to  the  steel  company.  Remem¬ 
ber  ADC  AS  a  transformer  source  for 
unusual  and  difficult  assignments  as 
well  as  for  high  quality  and  depend¬ 
able  production  transformers. 


Research 


day  a  large  utility  company  has  a  sat¬ 
isfactory  communication  system  be¬ 
tween  its  central  location  and  its 
mobile  units  because  ADC  engineers 
worked  out  technical  transformer  ap¬ 
plications  for  the  maker  of  a  power 
line  carrier  telephone.  From  model 
stage  to  production  this  company  de¬ 
pended  upon  the  skill  of  ADC  trans¬ 
former  design  and  production.  You, 
too,  will  find  ADC  helpful  in  all  un¬ 
usual  model  work  as  well  as  produc¬ 
tion. 


Models 


*  2(/»-/i.)-f-(/x-  /r)  ^ 

where  D,  is  the  ratio  of  the  second 
harmonic  to  the  fundamental  and 
Dt  is  the  ratio  of  the  third  har¬ 
monic  to  the  fundamental  currents ; 
Ih  is  the  plate  current  at  the  posi¬ 
tive  peak  of  the  grid  swing,  h  is 
the  plate  current  at  the  negative 
peak,  Ix  is  the  plate  current  when 
the  grid  signal  voltage  is  at  half 
its  positive  peak,  and  It  is  the  plate 
current  at  half  the  negative  grid 
swing.  Total  harmonic  distortion 
Do  as  a  fraction  of  the  fundamental 
is  given  by 

Do  =  (D,^  +  D,*)  (3) 

A  plot  of  Do  vs  Rt,  is  required. 
For  ease  of  notation  let:  A  = 
(/h  +  h),  B  =  {Ix  +  It),  C  = 
{Ih  —  h)  and  D  =  {Ix  —  Ir),  then 
Eq.  3  can  be  written 
Do  *  ■!  [2  (A  -  B)l*  +  (C  -  2D]n  , ,, 
2  (C  +  b)  ■ 

=  No/2  (C  +  D) 

where  No-  =  [2  (.4  -  B)l»  +  [C  -  2D\^ 


ENGINEERING  The  devel¬ 
opment  of  a  computer  to  check  the 
muzzle  velocity  of  a  cannon  with 
greater  accuracy  required  many  spe¬ 
cial  transformer  applications.  This 
job  is  typical  of  scores  of  development 
tasks  presented  to  ADC  engineers 
from  university  laboratories,  com¬ 
munication  developments,  guided 
missile  programs  and  developmental 
engineers  everywhere.  ADC  supplies 
transformer  “know  how”  with  excel¬ 
lent  transformer  production  to  assure 
you  a  reliable  source  of  dependable 
transformers. 


Development 


Have  an  ADC  catalog  in  your  file  for  ready 
reference.  Write  us  about  your  special  problems.. 
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The  quantities  N,  and  (C  +  D) 
can  be  obtained  graphically. 

Illustrative  Example 

Consider  a  family  of  plate  char¬ 
acteristics  for  a  6F6G  power  pen¬ 
tode  ^as  shown  in  Fig.  1.  The 
operating  point  is  chosen  at  the 
intersection  of  the  E,  =  250-volt 
coordinate  and  the  Eg  =  —  15-volt 
curve.  Load  lines  corresponding  to 
several  likely  load  resistances  are 
drawn  through  this  operating 
point. 

A  sheet  of  coordinate  paper  is 
arranged  as  in  the  rest  of  Fig.  1 
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AVG  PLATE  CM 
VGG  Er«€3V 
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punched,  threaded  or  grooved  to  meet  individual  specifications  with 
nominal  tooling  costs. 

These  spirally  laminated  paper  base  phenolic  coil  forms  and  tubes 
give  exceptional  performance  with  the  added  advantage  of  lower 
material  costs. 

Note:  We  also  have  available  numerous  stock  punching  dies. 
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Ask  also  about  other  Cosmalite 
types  .  .  .  #96  COSMALITE 
for  coil  forms  in  all  standard 
broadcast  receiving  sets.  SLF 
COSMALITE  for  permeability 
tuners.  COSMALITE  deflec¬ 
tion  yoke  shells,  cores  and 
rings. 
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FIG.  1 — Using  currents  from  tube  char¬ 
acteristic.  combinations  are  plotted  and 
diilerences  cmd  quadratic  suines  ob¬ 
tained  giving  quantities  from  which  per¬ 
cent  harmonic  distortion  is  obtained 


with  vertical  lines  labeled  with  the 
various  values  of  load  resistance  to 
be  considered.  The  ordinate  of  the 
top  coordinate  section  is  in  milli- 
amperes;  its  scale  can  be  arbitrary 
or  it  can  be  transferred  directly 
from  above  with  dividers.  Dis¬ 
tances  representing  /»,  h,  Ij,  and  Ir 
are  transfered  in  this  way  so 
that  a  plot  of  these  quantities 
vs  Rl  is  obtained.  There  is  no  need 
to  draw  a  careful  curve  through 
these  values,  but  a  free-hand  curve 
helps  in  identifying  them. 

From  these  intermediate  curves, 
curves  of  A,  B,  C  and  D  can  be 
obtained  by  graphical  addition  and 
subtraction  in  accordance  with 
their  definitions.  Next,  in  a  similar 
manner,  curves  of  2D,  (C  —  2D), 
(C  +  D),  (A  -  B)  and  2  (A  -  B) 
are  constructed. 

To  obtain  N,  a  quadrature  addi- 
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•  Plastic  and  Combination  Paper  and  Plastic  Items 

imirTiei  ruim  tut  tt  rtmoe.  viK..idMeei.*  t-.cuc«p.iH .  •ttiei.wck..iMMeiqju. 
rusm  mmM  tt  nimm.  me.  •  Musm  tmaw  it  omM.  im 

sun  KTXB-  lMaSn2.tnaeNtiltTtni.lHs.6ntTMtllT.N.T..ataiMJHiSL.Iv1M.CMi. 
tUUMM  HMT:  ni  CtmtMt  CaMw  emit.  lU.  Premo.  Meii 
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THE  ELECTRON  ART 


Positive^  sensitive#  trouble-free 
CONYROL  for  variolilo  elements 


tion  of  2  (A  —.B)  and  (C  —  2D) 
is  made  by  measuring  these  quan¬ 
tities  at  right  angles  to  each  other ; 
the  diagonal  joining  their  ends 
is  No.  As  shown  in  the  dia¬ 
gram,  the  graph  becomes  crowded 
when  the  currents  have  been  added 
to  give  their  sums  and  differences. 
Hence  the  constructfons  are  trans¬ 
ferred,  as  made,  to  a  clear  section 
of  the  graph  below.  The  dis¬ 
tance  of  No  is  also  plotted  in  this 
section. 

When  No  and  2(C  +  D)  have 
been  obtained  Do  is  determined 
from  slide  rule  manipulation  using 
Eq.  4.  Because  Do  is  the  ratio  of 
quantities  of  the  same  dimensions, 
the  scales  of  the  ordinates  can  be 
whatever  is  convenient.  The  factor 
2  can  be  eliminated  from  the  final 
expression  for  Do  if  the  scale  of 
lower  work  graph  is  half  that  of  the 
top  section ;  (C  +  D)  must  then  be 
plotted  in  the  lower  part. 

This  construction  is  carried 
through  for  each  Rt.  and  a  plot  of 
Do  vs  Rl  made  as  in  Fig.  1;  plots 
of  Do  and  D«  can  also  be  made  con- 
viently.  This  graphical  method  is 
fast  and  direct.  A  regular  routine 
should  be  followed  in  carrying  it 
out;  many  of  the  combinations  can 
be  made  without  changing  the  set¬ 
ting  of  the  dividers.  Errors  are 
easily  detected  as  the  construction 
progresses  by  any  radical  singular¬ 
ities  in  the  intermediate  curves. 


/  '  Developed  speciiiccilly  for  transmitting  rotary 

'y  movement  between  two  points  regardless  of 

ctirves,  obstacles  or  distance,  S.S.Wlute  Re- 
-  ^  mote  Control  flexible  shafts  provide  the  ideal 
slip-proof  connecting  link  between  variable  ele¬ 
ments  and  their  control  knobs. 

With  proper  selection  and  application  of  the 
shaft,  any  required  degree  of  sensitivity  can 
be  obtained. 

And,  as  you  con  appreciate  from  the  sketch 
above,  the  arrangement  facilitates  equipment 
design,  because  it  permits  both  the  variable 
element  and  the  control  to  be  located  wherever 
you  want  them. 

Furthermore,  these  shafts  ore  practically  im¬ 
mune  from  trouble  and  require  no  attention. 

WRITE  FOR  THIS  FLEXIBLE  SHAFT  HANDBOOK 

It  contains  basic  iniormation  about  flexible 
shafts  and  shows  how  to  select  and  apply 
them.  Copy  sent  free  to  any  engineer  who 
writes  for  it  on  his  business  letterhead  and 
mentions  his  position. 


Oil  Impregnated  Capacitors 

Experts  in  the  field  have  pointed 
out  to  us  that  characteristics  of  a 
few  oil  capacitors,  published  in 
these  columns  in  May  1948,  tell 
only  part  of  the  complicated  (and 
apparently  controversial)  story. 
The  ordinate  axis  of  Fig.  1  should 
have  been  “Insulation  in  Megohm- 
Microfarads”  and  that  of  Fig.  4, 
“Percent  of  Capacitance  at  25  C”; 
the  author  is  sales  representative 
for  Sprague  Electric  Co.  We  hope 
to  present  more  engineering  data 
on  this  subject  as  it  is  made  avail¬ 
able. 


is.mm 


SURVEY  OF  NEW  TECHNIQUES 

Magnetic  fluid  clutch,  invented 
by  Jacob  Rabinow  of  the  National 
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the  electron  art  (continutd)  | 

Bureau  of  Standards,  provides  i 
smooth  control  and  100  percent 
efficiency  (no  slippage)  at  loads  for  | 
which  it  has  been  designed.  The  | 
clutch  plates  are  operated  in  an  oil 
bath  in  which  finely  powdered  iron 
is  suspended.  Application  of  a 
magnetic  field  via  an  electromagnet 
aligns  the  iron  powder  from  plate 
to  plate  producing  a  strong  bond. 
Unlike  conventional  dry  clutches, 
this  clutch  is  free  from  chatter  be-  I 
cause  the  static  and  sliding  fric-  j 
tions  are  practically  the  same.  Its 
chief  application  appears  to  be  in  j 
servomechanisms  where  its  com-  | 
plete  control  through  the  electro-  ; 
magnet  and  complete  locking  are  of  | 
great  importance.  | 

Cyclotron,  to  be  built  at  Univer-  i 
sity  of  California,  will  have  four  j 
high-frequency  acceleration  cham- 
bers  spaced  between  segments  of 
the  electromagnet.  With  6,000 
volts  applied  to  each  chamber,  ac¬ 
celerated  particle,  injected  by  Van 
de  Graaf  generator,  will  be  ejected 
toward  Wilson  cloud  chamber  after 
making  a  million  trips  around 


cyclotron  with  an  energy  of  6,000 
mev.  Accelerator  will  require  five 
years  and  $9  million  for  construc¬ 
tion  ;  magnet  will  weigh  10,000  tons 
and  operate  from  a  5,000-kw  source ; 
machine  will  be  pulsed,  operating 
for  about  two  seconds,  then  turned 
’  off  for  a  few  minutes.  Experiments 
under  direction  of  William  Brobeck 
and  Dr.  E.  0.  Lawrence,  director 
of  the  laboratory,  have  shown  the 
design  to  be  practical. 


Back  in  the  1890’s,  physicists  ar¬ 
gued  heatedly  over  whether  it 
should  be  “corpuscle"  or  “electron” 
for  the  smallest  particle  of  negative 
electricity. 


With  This 


Variable  Reluctance 

Magnetic  Phono 

“Knee-Action”, Steps  Over  Surface  Noise 


High  Fidelity 


PICK  UP  PROFIT  FOR  SERVICEMEN  .  .  .  Daily  service  colls  turn  into 
profitable  sales  with  this  new  LEAR  magnetic  phonograph  pick-up.  Profit 
for  you  and  new  improved  revolutionary  .record  reproduction  for  your 
customers.  Its  flawless  performance  has  set  a  new  standard  for  pick-up 
quality  .  .  .  actually  transforms  old  style  record  reproduction  into  full 
rich  mellow  tones. 


In  this  variable  reluctance  pick-up,  LEAR  engineering  has  developed  the 
"knee  action"  permanent  sapphire  stylus  which  assures  minimum  surface 
noise  and  full  tonal  beauty  of  sound  on  all  installations. 


FACTORY  REPRESENTATIVES  —  DISTRIBUTORS:  A 
few  choice  territories  ore  still  avoifabfe  for  these  and 
other  fine  LEAK  efectronic  products.  Writ*  today 
giving  fuff  dotoils. 


Turn  this  fast  selling  LEAR  magnetic  phonograph  pick-up  into  profit 
you.  Don't  wait!  Write  today  for  complete  discount  price  list. 


To  Complete  Your  LEAR  Sound  Instollotion 
LEAR  PRE-AMPLIFIER,  List  Price  —  $9.90 
The  new  improved  LEAR  pre-amplifier  provides  additional  ampli¬ 
fication  when  used  with  MP-103  LEAR  magnetic  pick-up.  Can 
be  connected  directly  to  old  crystal  cartridge  input.  Leads 
of  convenient  length  are  provided  for  connection  into 
existing  equipment.  Two  position  switch  permits  high 
fidelity  response  to  recordings. 
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MOLDED 

TRANCORS 


‘^♦lO 


V’l.TA  '.r.  '  ,r.-  'WITH  AMPERtTE 

BATTCHY  A  'HARGER  !  VOLTAGE  VARIES 
VARIES  APPRi.X  I  NLY 


^PERlTi 


r\  MPERITE  CO"  56  I  Broadway,  New  York  1  2  ,  N.  Y 


In  Canada  Allas  Radio  Carp  .  Ltd  ,  560  King  St.,  W.  Toronto 


NEW  PRODUCTS  (continued) 

(continued  from  p  134) 

mately  80  pounds  assembled,  and 
price  is  $119  without  wire. 


Miniature  Capacitor 

Engineering  Research  Associ¬ 
ates,  Inc.,  1902  W.  Minnehaha 
Ave.,  St.  Paul,  Minn.,  has  an¬ 
nounced  a  new  miniature  variable 
capacitor  having  a  self-contained 


FREQUENCY  (KC) 

Lenkurt  Trancors  are  now  being 
made  to  the  remarkable  Q  char¬ 
acteristics  above.  Infinite  care 
is  required  to  make  such  parts. 
Available  in  a.  broad  variety  of 
low-cost  standard  cores  and 
assemblies,  or  special  item's. 


OUTSTAND-ING 

Core 

Performance 


dial  with  micrometer.  Rated  ca¬ 
pacitance  is  9  to  585  [iiif  per  section 
with  less  ‘than  0.002  dissipation 
factor  at  radio  frequencies. 


LENKURT  ELECTRIC  CO 

SAN  CARLOS,  CALIFORNIA 


Recorder-Reproducer 

Frederick  Hart  &  Co.,  Inc.,  Pough¬ 
keepsie,  N.  Y.  Model  60  sound-on- 
film  recorder-reproducer  is  an  all¬ 
purpose,  lightweight  unit  which 
uses  35-mm  film  to  produce  a  per- 


LENKVRT  KNOWS  HOW 


THiRMOSTATIC  MITAL  TYPl 

DEUffRELm 


if  mmi  DELAYS  RANGING 
P  FROM  I  TO  120  SECONDS 

A  EATUhES: — Compenserted  for  ambient  temperature  changes  from 
— 40*  to  110*  F  . . .  Hermetically  sea'  L*  not  affected  by  altitude,  moisture 
or  other  climate  changes  .  .  .  Explosion-proof  .  .  .  Octal  radio  base  .  .  . 
Compact,  light,  rugged,  inexpensive  .  .  .  Circuits  available:  SPST  Nor¬ 
mally  Open;  SPST  Normally  Closed. 

PROBLEM?  Send  for  "Special  Problem  Sheet"  and  Bulletin. 


MPilUTE  RIGULATOK 


manent  sound  record.  A  voice-actu¬ 
ated  mechanism  automatically 
starts  and  stops  the  machine  at  any 
voice  level.  Foot  switch,  earphones 
and  other  accessories  are  available 
for  every  application. 


Indicator  Relays 

Guardian  Electric  Mfg.  Co.,  1625 
W.  Walnut  St.,  Chicago  12,  Ill.  This 
bank  of  T-11  relays  is  designed  for 
indicator  circuits  where  numbers 
and  animation  such  as  lights, 
sound,  or  both,  are  in  sequence.  The 


Ampoill*  REGULATORS  or*  the  Amplest,  lightest,  cheapest,  and  most  con^LOCt 
oi  obtaining  current  or  voltage  regulation  .  .  .  For  currents  of  .060  to  8.0  Amps  ... 

Rsnnetioally  sealed;  not  effected  by  altitude,  ambient  temperature,  humidity. 


Writ*  for  4-page  Illuttrated  Bulletin. 
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bar  which  resets  the  relay  arm 
may  be  actuated  manually,  mechan¬ 
ically  or  electrically  with  a  solen-  i 
oid.  Additional  information  can  be 
obtained  by  writing  to  Dept.  T-11. 


I" 

K  i 

centrally  wired  music  station.  The 
unit  features  a  Series  15  magnet, 
standard  counter,  wire-arm  counter 
actuating  assembly,  with  a  midget 
contact  assembly  having  single¬ 
pole  double-throw  and  single-pole 
single-throw  switch  combinations. 

Liquid  Level  Control 

Guardian  Electric  Mfg.  Co.,  Dept. 
LL,  1625  W.  Walnut  St.,  Chicago  12,  1 

Ill.  Series  G-53143  liquid  level  con¬ 
trol  is  used  principally  in  carbon¬ 
ated  beverage  vendors  to  maintain 
the  level  of  water  in  refrigerated 
storage  tanks.  The  unit  operates  by 
means  of  long  and  short  electrodes  j 
inserted  through  the  top  of  the  | 
tank,  and  relays  which  start  and 


Counting  Device 

Guardian  Electric  Mfg.  Co.,  1625 
W.  Walnut  St.,  Chicago  12,  Ill.  This 
magnet-driven  counter  was  primar¬ 
ily  designed  for  registering  the 
number  of  musical  record  selections 
received  from  remote  points  in  a 


^HE  problem  of  meeting  new  power  and 

frequency  requirements  in  communica¬ 
tions  systems,  with  minimum  obsolescence, 
is  solved  by  the  Telepak  line  of  transmit¬ 
ting  equipment,  the  latest  achievement  in 
this  field  by  Radio  Receptor. 

Telepak  consists  of  a  basic  frame  sup¬ 
porting  a  series  of  separately  and  easily 
removable  units  or  cells  of  standard  construction,  varying  in  height 
according  to  power  requirements.  These  unit  assemblies  are  housed  in 
standard  cabinets,  as  illustrated. 

Any  cell  may  be  easily  removed  to  permit  servicing  or  replacement 
by  a  new  unit  of  different  function  or  frequency.  This  adaptability 
offers  another  advantage  as  it  permits  the  combination  of  units  of  all 
ratings  in  a  single  installation.  Units  are  available  in  power  output 
ratings  varying  from  500  watts  to  3  kilowatts. 

Remote  control  elements  are  also  on  the  unit  cell  basis,  and  are 
capable  of  expansion  along  with  other  elements  in  the  system. 

It  will  pay  you  to  look  into  the  many  exclusive  features  of  Telepak, 
Radio  Receptor's  new  transmitting  system  that  enables  you  to  keep  in 
step  with  Progress. 

Write  for  the  new  Telepak  Handbook  containing  informa¬ 
tion  of  value  to  every  engineer.  Address  Department  C-5 


Communications  Division 

K.MMO  ltK(  KI*TOII  TO.UI'AXY.  I.\r. 

'  Since  1  922  in  Radio  and  ElectrorHes 

251  WEST  19th  STREET  •  NEW  YORK  11,  N.  Y. 
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I.  F.  TRANSFORMERS 

Th«  Millan  "Designed  for  Applied* 
Non”  lino  of  I.  F.  Transformers  in> 
eludes  both  variable  air  dieleetrie 
eondenser  and  permeability  tuned 
types  for  SOOO  KC,  1600  KC,  and  455 
KC,  as  weil  as  permeability  tuned 
units  for  50  KC;-BFO,  Interstage, 
Diode,  Diseriminator;-Standard  as 
as  well  Deluxe  Meehanieal  Design. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


stop  the  pump  motor.  A  trans¬ 
former  raises  the  voltage  to  200  to 
reduce  current  required  by  the  re¬ 
lay  and  to  isolate  the  electrode  cir¬ 
cuits  from  the  power  line. 

D-C  Power  Supply 

Rowe  Engineering  Corp.,  2422 
North  Pulaski  Road,  Chicago  39, 
Ill.  Type  IPSIOOOO  10-kv  Iso-volt 


d-c  power  supply  provides  a  source  j 
of  continuously  variable  d-c  volt- ! 
age  from  1,000  to  10,000  volts  at 
current  drains  up  to  5  milliamperes. 
It  features  a  regulation  of  0.1  per¬ 
cent  with  a  0.05-percent  ripple. 
Power  drain  is  approximately  350 
watts  at  full  load. 

Pilot  Regulator 

Lenkurt  Electric  Co.,  1108 
County  Road,  San  Carlos,  Calif.  An 
all-electronic  telephone  pilot  regu-  j 
lator  has  been  designed  for  use  with 
3-channel  carrier  systems  and  other 
possible  applications  as  weil.  It 
occupies  lOi  inches  of  rack  space. 


YOUR  business 
you  never  see! 

Whether  you  send  or  receive 
shipments  by  Railway  Express,  . 
you  never  see  most  of  the  steps 
required  in  making  this  com¬ 
plete,  nation-wide  shipping 
service  a  vital  part  of  your 
business. 

The  complete  facilities  of 
Railway  Express  are  what  you 
depend  upon  .  .  .  the  dpor-to- 
door  convenience  of  pick-up 
;  and  delivery  in  all  cities  and 
I  principal  towns,  the  flexibility 
in  meeting  the  needs  of  your 
particular  industry  —  as  well 
as  all  your  personal  shipping 
requirements.  To  you.  Railway 
Express  means  fast  service, 
always  at  your  call. 

It's  good  business  to  say, 
"Ship  it  RAILWAY  EXPRESS!" 

RAILWAY  EXPRESS 


...Maintains  23,000  of¬ 
fices  (there's  one  near 
your  factory,  ofRce  or 
home)...  Uses  1Q,000 
passenger  trains  daily... 
Has  18,000  motor  vehi- 
cles  in  its  pick-up  and 
^  delivery  services. ..offers 
extra -fast  Air  Express 
with  direct  service  to 
1,078  cities  and  towns. 


CE 

i\CS 


LINE  UP  YOUR 
SPEAKER  NEEbs  WITH 
GENERAL  ELECTRIC-NOW 


NEW  PRODUCTS  (continued) 

combining  automatic  level  control 
with  automatic  slope  equalization. 
Corrections  are  made  to  2  db  or  less 
in  20-db  variation.  Weight  is  40  lb. 


"Floating  Silence’’— where 
speaker  characteristics 
are  checked. 


Ratlialioii  Detector 

Technical  Associates,  3730  San 
Fernando  Road,  Glendale  4,  Calif. 
Model  F-3  portable  radiation  de¬ 
tector  has  two  sensitivity  ranges; 


low,  0.5  milliroentgen  per  minute; 
high,  0.017  per  minute.  As  supplied, 
the  instrument  includes  a  Geiger 
counter  tube,  probe,  headphones, 
batteries,  and  manual  of  operation. 


Magnetic  Cartridge 

Webster  Electric  Co.,  Racine, 
Wi.sconsin.  The  Featheride,  a  mag- 


Speaker  production  lines  turning  out 
speakers  with  "the  aluminum  foil 
base  voice  coil." 


New,  greater  facilities  at  Electronics 
Park  mean  speakers  in  greater 
supply  to  meet  your  requirements. 
Straight-line  production  plus  tremen¬ 
dous  capacity  provide  manufacturers 
with  a  completely  dependable  source 
for  speakers  of  all  sizes. 

Write  for  complete  information  on 
speakers  to:  General  Electric  Company, 
Electronics  Park,  Syracuse,  New  York. 


netic  cartridge  with  osmium-tipped 
needle,  exerts  a  tracking  pressure 
of  one  ounce,  giving  0.1  volt  output 
at  1,000  cps.  The  unit  weighs  25 
grams. 


Telephone  Amplifier 

Intercontinental  Inventions 
Management  Corp.,  60  E.  42nd  St., 
.New  York,  N.  Y.  The  Simplophone, 
a  small  desk  telephone  amplifier,  is 
designed  to  provide  two-way  con- 


One  of  the  giant  punch  presses  pro¬ 
ducing  speaker  housings. 


GENERAL 


ELECTRIC 
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NEW  PRODUCTS 


CRYSTALS 

Built  to  Your  Specifications 

Crystal  users  appreciate  the  complete 
service  James  Knights  Co.  offers. 

If  you  have  a  sp>ecial  crystal  problem, 
James  Knights  is  equipped  to  build 
crystals  to  your  exact  specifications — no 
matter  what  they  may  be.  Because  of  a 
special  production  line  for  short  runs, 
the  price  is  right — whether  •  you  need 
one,  ten  or  several  thousand  crystals! 

In  addition,  James  Knights  fabricates 
a  complete  line  of  crystals  to  meet  every 
ordinary  need — precision  built  by  the 
most  modern  methods  and  equipment. 

Fast  service  is  yours,  too!  Two  com¬ 
pany  planes  save  hours  when  speed  is 
important. 

Your  inquiries — and  crystal  problems 
— are  invited. 

Send  For  New  James  Knights  Catalog 
JK  Doughnut  Quartz  Crystal 


versation  leaving  the  caller’s  hands 
free  to  perform  other  tasks;  also  to 
provide  group  listening  facilities. 
It  is  useful  in  busy  offices  and 
where  telephone  waiting  time  is  a 
factor.  Retail  net  is  $39.95. 

Soldering  Machine 

JOYAL  Products,  Inc.,  12  Grafton 
Ave.,  Newark,  N.  J.  A  newly  de¬ 
veloped  production  soldering  ma¬ 
chine  which  operates  like  a  foot 


press  was  designed  for  the  jewelry 
field  and  for  manufacturers  of  in¬ 
struments  and  small  products.  The 
machine  is  portable  and  operates 
on  110-volt  a-c. 

Wide-Range  Tester 

Precision  Apparatus  Co.,  Inc.,  92- 
27  Horace  Harding  Blvd.,  Elm¬ 
hurst,  N.  Y,,  has  announced  the 
Series  40  circuit  tester  with  dimen¬ 
sions  of  3?  X  61  X  21  inches.  The 


Oil 


J5Ri 


CONTACTS 


in  mamm 

for  hifih  curront  density^  mini- 
mum  woor^low  contact  drofi 
low  oiectrical  noiso  0  solf-lu^i* 
cation 

in  CONTACTS 

for  low  rosistancoQnon- welding 
ctiaractei 

GRAPHALIOY  works  whoro  others  won't! 
GRAPHAU.OY  with  cenfidonre. 

*A  s|io<ioi  silver- Improonoted  graphite 


GRAPHITE'  METALLIZING' 
CORPORATION 

inSSNEPPERHAN  AVENOE,  YONKERS  3.  NEW  YOU* 
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unit  affords  31  a-c  and  d-c  ranges 
to  6,000  volts,  600  ma,  +  70  db  and 
5  megohms.  Two  pin  jacks  serve  all 
standard  functions  and  a  special 
recessed  safety  jack  provides  for 
the  6,000  volt  circuit. 

\ 

Audio  Traiisforniers 

Altec  Ij^nsing  Corp.,  Peerless 
Electrical  Products  Division,  6920 
McKinley  Ave.,  Los  Angeles  1, 


Calif.,  announces  a  new  20-20  line 
of  audio  transformers,  flat  within 
1  db  from  20  cycles  to  20,000  cycles. 

Signal  Measurement 

Decimeter,  Inc.,  1428  Market  St., 
Denver,  Colorado.  The  DM103W 
slipstick  wavemeter  was  designed 
for  quick  and  accurate  frequency 
readings  on  oscillators,  receivers  or 


transmitters  in  the  uhf  spectrum. 
Accuracy  is  2  percent  or  better  and 
range  is  90  to  3,000  me.  Further 
information  is  given  in  circular 
IIF. 


NEW  TOR* 


Cavity  Meters 

Sperry  Gyroscope  Co.,  Great  Neck, 
New  York,  announces  a  line  of 
high-Q  tunable  cavities  for  measur¬ 
ing  microwave  frequencies  wher6 
;~'reat  accuracy  is  required.  The 
resonant  cavities  are  electroformed 
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Amcrkan  Television  &  Radio  Co. 

,  CluaCctcf  T^ioduetT  W3f 

k  SAIImT  PAUL  1,  MINNESOTA^U.  S.  A 


SIAMDRRO 

LW  D 


For  Inverting  D.  C.  to  A,  C.  *  ,  , 

Specially  Designed  for  operating  A.  C.  Radios, 
Television  Sets,  Amplifiers,  Address  Systems,  and 
Radio  Test  Equipment  from  D.  C.  Voltages  in 
Vehicles,  Ships,  Trains.  Planes  and  in  D.C  Districts. 


New  Models 


New  Models 


AUTO  RADIO 

VIBRATORS 


”A”BAnERY 
ELIMINATORS  IJi^  ^ 

For  DEMONSTRATING  AND  TESTING 
AUTO  RADIOS 

New  Modeii  .  .  .  Designed  for  Testing 
D.  C  Bectrkal  Apparatus  on  Regular 
A.  C  Lines.  Equipped  with  Full  •  Wave 
Dry  Disc  Type  Rectifier,  Assuring  Noise¬ 
less,  Interference*  Free  Operation  and 
Extreme  Long  Life  and  Reliability. 


A  Complete  Line  of  VArafors  .  .  . 
Designed  for  Use  in  Standard  Vibrator- 
Operated  Auto  Radio  Receivers.  Built 
with  Precision  Construction,  ftaluring 
Ceramic Stoclc  Spocers  for  Longer  Lasting 
Life. 

\ 


Sum 


WUny 


d  ‘«^S!:iocC*tdo»'  • 


IB  MFC 


liOBWOOD 


TRACING  CLOTH 
for' 

HARD  PENCILS 
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•  Imperial  Pencil  Tracing  Cloth  has  the 
same  superbly  uniform  cloth  foundation 
and  transparency  as  the  world  famous 
Imperial  T racing  Cloth.  But  it  is  distinguished 
by  its  special  dull  drawing  surface,  on 
which  hard  pencils  can  be  used,  giving 
clean,  sharp,  opaque,  non-smudging  lines. 


Erasures  are  made  easily,  without 
damage.  It  gives  sharp,  contrasting  prints 
of  the  finest  lines.  It  resists  the  effects 
of  time  and  wear,  and  does  not  become 
brittle  or  opaque.  ‘ 


Imperial  Pencil  Tracing  Cloth  is  right 
for  ink  drawings  as  well. 


^  Studio^ 

mm  ms 


Designers  and  Manufacturars 
of  Broadcost  Speech  Equip¬ 
ment,  Schoot  Sound  Systems 
and  Recording  Equipment. 


PRODUCT 


WITH  CUSTOM  -  BUILT  FEATURES 


Designed  and  Fabricated  by 
the  Manufacturers .  of  High 
Quality  Sound  ond  Recording 
Equipment  for  the  Motion 
Picture  industry. 


Bardwell  &  McAlister’s  new  line  of  Commercial  Amplifiers 
answers  the  great  demand  of  sound  engineers  for  commercial 
amplifiers  embodying  the  principles  used  in  "custom-built' 
units  which  have  been  successful  in  the  sound  equipment  of 
the  motion  picture  industry.  These  principles  result  in  high 
fidelity  reproduction  at  any  setting  of  volume  controls  up  to 
full  rated  output  with  less  than  4  %  distortion,  versatility  of 
application,  ease  of  operation  and  the  longer  life  found  only 
in  Bardwell  &  McAlister  Studio  Quality  Amplification 
Systems.  Manufactured  by  Union  Craftsmen  and  fully  licensed. 

Write  for  our  sound  equipment  catalog  and  / ^ 

technical  bulletins.  Dealer  inquiries  invited.  /  >* 


ELECTRONIC  DIVISION 

BARDWELL  &  McALISTER,  LNC. 

BOX  1310,  HOLLYWOOD  28,  CALIFORNIA 


IMPERIAL 

PENCIL 

TRACING 

CLOTH 


SOLO  BY  LIADMO  STATIONBY  AND  | 
DBAWINO  MATIMAL  DiALBRS  iVIlYWMRI.^ 


5 


pickup  and  is  of  the  on-off  type. 
Units  are  available  to  cover  the 
temperature  range  from  —100  F  to 
1,200  F  and  are  adjustable  within 
a  range  of  several  hundred  degrees. 


used  to  prevent  damage  to  the 
pointer  due  to  accidental  application 
of  sudden  overloads.  All  ranges  AC 
and  DC  available  in  2J",  3]",  4]" 
rectangular  or  round  case  styles  and 
are  fully  guaranteed  for  one  year 
against  defects  in  workmanship  or 
material.  Refer  inquiries  to  Dept. 
F78. 


Burglar  Alarm 

Ripley  Co.,  Inc.,  Middletown,  Conn. 
Using  a  modulated,  invisible  light 
beam,  the  new  burglar  alarm  is 
proof  against  attempt  at  break¬ 
through  by  shining  a  flashlight  into 
the  phototube.  The  receiver  por¬ 
tion  is  tuned  to  the  modulated  fre¬ 
quency  of  the  transmitter,  so  that 


tNSTRUMENr  COMPANY 

MltUNOTON,  IOWA 


ELECTRONICS  — ;u/y,  1948 


HEW  PRODUCTS 


(continued) 


to  obtain  minute  tolerances,  stress- 
free  metal  and  a  true  circular  shape. 
The  instruments  provide  continu¬ 
ous  frequency  coverage  from  2,575 
to  3,750  and  4,500  to  10,500  me. 

Temperature  Control 

Thomas  A.  Edison,  Inc.,  West  Or¬ 
ange,  N.  J.,  has  developed  a  temper¬ 
ature  control  which  uses  a  single 
electronic  tube  with  an  electrical 
resistance-type  bulb  for  thermal 


Type  770 
Vibration 


Isolator 


For  all  types  of 
liKhtweiRht  in- 


'  struments 


Control  of 

VIBRATION  andIMPACT 


.  .  .  with  special  emphasis 
on  the  field  of  electronics 


^  e  offer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  Isolators  for  commercial,  in¬ 
dustrial,  and  military  applications  .  .  .  also  an  Engi¬ 
neering  consulting  service  on  special  problems. 


A  letter  from  you  will  give 
us  the  opportunity  to  demon¬ 
strate  how  we  ran  help  you. 

Catalogue  on  request 


THE  BARRY  CORPORATION 

Fotmerly  L.  N  BARRY  CO..  INC. 

177  SIDNEY  STREET 
CAMBRIDGE.  MASS. 


^ ONI  or  A  smiis 


CERAMIC  POINTER  STOPS 


■T^NGtON  panel 
PROVIDE 

ability  .  . 


CERAMIC  POINTER  STOPS  are 


MiOi  llQAN  l.tORARIES  ■ 


SELF 

LOCKERS 


Knwrliiig  •!  S«ck*l 
S<r*w«  ortflinaM  wMi 
T'Unbrak**’  In  1934. 


Francitcp 


perimenters.  The  meter,  with  range 
from  0  to  30  kv,  draws  only  20 
microamperes.  Technical  informa¬ 
tion  is  available. 


Indexing  Turntable 

Sherman  Industrial  Electronics 
Co,,  505  Washington  Ave.,  Belle¬ 
ville  9,  N.  J.,  has  developed  an  in¬ 
dexing  turntable  for  induction 
soldering,  brazing,  or  heat  treat¬ 
ing.  Operation  requires  60-pound 


FORLOWHUM..  m 

HIGH  FIDELITY  ^ 

SfiCIFY  KENYON  TELESCOPIC  SHIELDED  HUMBUCKING  TRANSFORMERS 


For  low  hum  and  high  fidelity  Kenyon  tele¬ 
scoping  shield  transformers  practically 
eliminate  hum  pick-up  wherever  high 
quality  sound  applications  are  required. 

CHECK  THESE  ADVANTAGES 

low  HUM  PICK-UP  .  .  .  AtswrM  high  gain  with 
minimum  hum  in  high  fidulity  systems. 

HIGH  FIDELITY  . . .  Frequency  response  flat  with¬ 
in  ±  1  db  from  30  to  20,000  cycies. 

DIFFERENT  HUM  RATIOS  . . .  Degrees  of  hum  re¬ 
duction  with  P-200  series  ranges  from  50  db 
to  90  db  below  input  level  .  .  .  made  possible 
by  unique  humbuckling  coil  construction  plus 
multiple  high  efficiency  electromagnetic  shields. 
QUALITY  DESIGN  .  .  .  Electrostatic  shielding 
between  windings. 

WIDE  INPUT  IMPEDENCE  MATCHING  RANGE. 
EXCELLENT  OVERALL  PERFORMANCE  . «  .  Rugged 
construction,  lightweight- mounts  on  either  end. 
SAVES  TIME  ...  In  design  ...  in  trouble  shoot¬ 
ing  ...  in  production. 

Our  standard  line  will  save  you  time  and  money. 
Send  for  our  catalog  for  complete  technical  data  on 
specific  types. 

For  any  iron  cored  component  problems  that  ore 
off  the  beat*' 'I  track,  consult  with  our  engineering 
department.  No  obligation,  of  course. 


KENYON  TRANSFORMER  CO..  Inc. 


840  BARRY  STREET  NEW  YORK.  U  S,  A. 


Rsf.  U.R.  Pat.  OR.  * 


SOCKET  SET  SCREWS 

WITH  THE  KNURLED  CUP  POINT 


("The  screw  that  won't  shake  loose") 


This  Knurled  Cup  Point  "Unbroko"  is  a  "Fastener"  that  positively  won't  shake  loose. 

A  loose  Fastener  invariably  causes  shut-downs,  loss  of  production  and  increased  costs,  all  of 
which  this  "Unbroko"  prevents. 

This  is  how:  That  Knurled  Cup  Point  digs-in,  stays  dug  and  holds  tight,  regardless  of  the 
most  chattering  vibration.  Incidentally,  the  "Unbroko"  Self-Locker  con  be  used  again  and 
again.  In  sizes  from  #4  to  ITi"  diameter — full  range  of  lengths. 

"Unbroko"  Screw  Products  can  also  be  furnished  in  Brass,  Stainless  Steel,  Monel,  Bronze  or 
whottver  your  requirements  may  be. 

Ask  for  your  copy  of  the  "Unbroko"  Catalog. 


Ask  us  for  ttio  nomo  and  address  of  your  nearest 
"Unbrake"  Industrial  Distributor. 


OVER  45  YEARS  IN  BUSINESS 


(continued) 


NEW  PRODUCTS 


any  change  in  frequency  or  reduc¬ 
tion  of  light  intensity  sounds  the 
alarm.  Lens  mountings  have  mi¬ 
crometer  adjustments  to  facilitate 
focusing  on  the  phototube.  The  unit 
is  weather-tight  and  rust-proof. 


High-Voltage  Meter 

Spellman  Television  Co.,  Inc., 
130  W.  24th  St.,  New  York  11, 
N.  Y.,  announces  a  new  high-volt¬ 
age  meter  for  television  service 
men,  laboratory  technicians  and  ex- 


STANDARD  PRESSED  STEEL  CO. 


JENKINTOWN.  PENNA.,  Box  596  •  Branehot:  Booton  •  Chicago  •  Detroit  •  Indianapolii  •  St.  Louis  •  San 
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NEW  PRODUCTS 


(continued) 


s 


FOR  HIGH 
TEMPERATURE 
HF  AND  UHF 
INSULATION 


G-E  #1422  rod  stock  was  specified  for 
these  UG  connector  beads. 


•  Does  your  high-frequency  or 
ultra- high -frequency  insulating 
problem  call  for  a  material  that  is 
comparatively  low  in  cost  .  .  .  easy 
to  machine  .  .  .  resistant  to  high 
temperatures?  Then  investigate 
G-E  #1422  ...  a  new  development 
in  plastics! 

You  get  all  these  qualities  when 
you  order  G-E  #1422  rod  or  plate 
stock.  That's  why  this  material  is 
particularly  well  suited  for  use  as 
structural  components  in  HF  or 
UHF  equipment.  Where  a  low 
power  factor  is  required  .  . .  where 
high  operating  temperatures  pre¬ 
vent  the  use  of  commercially  avail¬ 
able  materials  such  as  polystyrene 
.  .  .  use  G-E  #1422. 

F»)r  more  details,  just  write  Sec¬ 
tion  AF-7,  Chemical  Department, 
General  Electric  Company,  Pitts¬ 
field,  Massachusetts. 


GENERA  l^CTRIC 


air  supply  and  220-volt,  60-cycle 
single-phase  power.  As  many  as  12 
work  stations  can  be  provided  on 
the  standard  turntable  top. 

Magnet  Coil 

G.  H.  Leland,  Inc.,  118  Webster 
St.,  Dayton  2,  Ohio.  The  Ledex 
extra-precision  magnet  coil  is  layer 


wound  by  a  new  and  exclusive ' 
method.  Coils  are  concentric  and  ^ 
symmetrical  in  shape.  Further  in-  j 
formation  is  available  on  request. 

Controlling  Pyrometer 

Assembly  Products  Inc.,  Main  & 
Bell  Sts.,  Chagrin  Falls,  Ohio.  The  | 
Simplytrol  indicating  and  controll- 1 
ing  pyrometer  is  a  thermocouple-  j 
type  control  for  furnaces,  evens,  1 
kilns,  etc.  It  operates  on  the  micro-  ! 


i  contact  principle,  from  110  or  220 
volts  a-c  or  110  volts  d-c.  The  unit 
;  can  be  used  for  permanent  installa- 
j  tions  or  as  a  portable  control  for 
j  temporary  setups. 

Electrolytic  Capacitors 

CORNELL-DUBILIER  ELECTRIC  CORP., 
South  Plainfield,  N.  J.  Type  AVL 
hermetically  sealed  electrolytic  ca¬ 
pacitors  are  recommended  for  use 
in  marine  or  aircraft  applications 
or  wherever  high  humidity  is  en¬ 
countered.  Data  sheet  110  gives  in¬ 
formation  on  various  capacitances, 


HARVEY 


I .aBKST 


Po%t-wm  vertlon 
ot  fli«  old  O.E.  J.f.M-90 
Translator  which  was  usod  and  enjoyod  by 
tons  of  thousands  of  dlstrlmlnatlng  rstdlo 
listeners. 

Covers  88-108  me  range,  dial  12  inches 
long,  uses  guillotine  tuning  for  highest 
efficiency,  high  stability.  Designed  for  ex¬ 
port,  has  power  inputs  for  110  to  250 
volts,  50/60  cy.  Used  in  conjunction  with 
good  audio  section  or  separate  amplifier 
will  provide  best  FM  listening  you  ever 
heard.  In  attractive  natural  walnut  cabinet 
—  10%"  high  X  15^4"  vvide  x  1 1  deep, 
complete  with  8  tubes.  Tropic-proof  con¬ 
struction.  Quantity  limited,  no  more  avail¬ 
able.  Get  yaur  order  in  while  they  lasti 
Available  only  from  HARVEY 
Special  price . $49.50 

Fer  use  with  the  FM  tuner  we  receininend 
any  of  the  following: 

Altec-Lonsing  A-323  B  Amplifier . $135.00 

Allec  Loniing  600  Speaker .  45.00 

Altec-loniing  603  Speaker .  63.00 

Altec-lansing  604  Speaker .  157.50 

Crofsover  for  604 .  30.00 

Stephens  Tru-Sonic  P52A  Speaker  with 

crossover  .  123.00 

Stephens  Tru-Spnic  P52FR  Co*Spiral 

Speaker  . 48.00 


Tech-Master  TV  Chassis 
Complete  kit  of  parts,  including  all  hard¬ 
ware,  pre-wired  and  aligned  RCA  front 
end,  condensers,  resistors,  punched  chassis, 
all  tubes  including  kine,  complete  manuol 

with  service  notes,  oil  RCA . $198.50 

NOTE:  All  prices  are  Net,  F.O.B.  N.Y.C. 
and  ore  subieci  to  change  without  notice. 


Telephone: 


LOngocre  3-1800 


UtkaliFV 

n  n  n  w  E  ■ 

RADIO  COMPANY  INC 


103  WoM  43rd  Sf.,  New  York  18,  N.  Y. 
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cfcu  KcecC  a 

DRY  BATTERY 

Cf^OUCCUl  't^ttcC? 


DUMONT  ELECTRIC  CORP. 

MFRS  6f-CAPACIT0RS  FOR  EVERY  REQUIREMENT 
308  DYCKMAN  ST.,  NEW  YORK  N  Y 


SPECIALTY  BATTERY  COMPANY 


A  SUBSIDIARY 
OF  THE 


RAY-O-VAC 

COMPANY 


MADISON  4,  WISCONSIN 


PLASTIC  FABRICATING 


■  SIZES  V4  to  25*  KVA 

SPOT  WELDERS 

OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  to  2S0  KVA 
Butt  Woldon  •  Gun  Woldors 
Arc  Woldors 
Noon  Sign  Units 
Fluoroscont  Tub# 
Manufacturing  Equipment 

CHAS.  EISLER 

EISLER  ENGINEERING  CO.,  INC. 

TBI  8s.  I3tli  8t.  (Nssr  Avon  Avs.).  Nswsrt  3.  N.  J. 


BAKELITE  AND  FIBRE  FABRICATED  PARTS 
PUNCHING.  DRILLING.  MILLING.  AND  ENGRAVING 

i  .  BAKELITE  SHEETS,  RODS,  TUBES  < 


Mali  U*  Your  Prints  or  Samples  lor  Quotations 


ELECTRICAL  INSULATION  CO..  INC 


KEW  YORK  13,  N.  Y. 


1i  VESTRY  ST, 


TYPE  P8 
125  »C 

Silicone 
OIL  CAPACITORS 

SOLVES  THE  HIGH  HEAT  CONDENSER  PROBLEM 


There  is  a 


If  you  are  looking  for  hard* 
to-get  or  special  dry  batteries, 
write  us.  We  design,  create 
and  manufacture  to  your 
requirements. 


•  New  silicone  oil  capacitors  for  continu¬ 
ous  A/C-D/C  up  to  125®  C. 

•  Mode  in  ceramic  or  bakelized  tubes. 

•  Cop. -.00005  to  1.0  M.F.D.  From  100 
volts  to  20000  volts. 


Send  for 
Literature 


MEASUREMENTS  CORPORATION 


NEW  JERSEY 


BOONTON 


NEW  PRODUCTS 
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MEASUREMENTS 
CORPORATION 
Model  59 


Silicones  Mean  Stability 


while  No.  Ill  covers  a  capacitor 
with  a  rating  of  24,000  jj.f  at  6  work¬ 
ing  volts. 


Phase-Motlulatecl  Mike 

Stephens  Mfg.  Corp.,  10416  Na¬ 
tional  Blvd.,  Los  Angeles  34,  Calif. 
Model  C-1  microphone  uses  carrier- 
frequency  phase  modulation.  The 


Silicon*  damping  of  gaug*  at  right  oliminatot 
familiar  fluttering  of  pointer  shown  in  un¬ 
treated  automobile  instrument  at  left. 

Design  frequentiy  involves  a  compromise 
between  simplicity  of  construction  and  the 
properties  of  available  materials.  New 
materials  are  interesting  because  they  gener¬ 
ally  enable  engineers  to  And  more  simple 
and  therefore  more  efficient  solutions  to 
design  problems.  Damping  is  one  of  the 
problems  that  has  been  complicated  by  a  lack 
of  stability  in  fluids. 

The  instrument  division  of  a  large  automotive 
ports  manufacturer  was  not  satisfied  with  the 
use  of  inertia  wheels,  air  vanes,  or  magnetic 
damping  to  eliminate  the  fluttering  of  instru¬ 
ment  pointers.  Liquid  damping  had  been  con¬ 
sidered,  but  all  ordinary  light  oils  or  greases 
thinned  excessively  when  hot  or  thickened  and 
became  useless  when  cold.  More  than  two 
years  ago,  however,  their  engineers  started 
testing  some  of  our  high  viscosity  silicone  fluids. 

Extensive  rood  testing  has  proved  that  .o 
fraction  of  a  drop  of  our  silicone  fluid  on  the 
bearings  performs  better  and  is  more  econom¬ 
ical  than  any  of  the  more  complicated  mechani¬ 
cal  damping  devices.  In  tests  conducted  by 
aircraft  manufacturers  where  operating  condi- 
tiorts  for  instruments  are  even  more  severe, 
silicone  fluid  damping  was  found  to  be  the  only 
entirely  successful  method.  Test  performance 
was  so  completely  ratisfactorv  that  the  instru¬ 
ment  division  is  now  using  our  DC  200  Silicone 
Fluid  to  damp  electrical  instruments,  speedom¬ 
eters,  tachometers  and  gauges. 

Among  other  unique  and  useful  properties  are 
a  high  degree  of  stability,  a  -  tiatively  con¬ 
stant  viscosity  over  a  very  wide  temperature 
range,  and  good  lubricity  between  certain 
metal  combinations.  Our  fluids  are  available  in 
viscosities  ranging  from  0.65  to  more  than 
25O,0OO  centistokes.  For  more  information 
phone  our  nearest  branch  office  or  write  for 
catalog  No.  N  1-16. 

DOW  CORNING  CORPORATION 
MIDLAND,  MICHIOAN 
New  York  •  Chicago  •  Cleveland  •  Los  Angeles 
Dallas  •  Allonla 

In  Canada;  Fiberglat  Conodo,  ltd.,  Toronto 


MEGACYCLE 

METER 


pickup  assembly  is  ovoid  in  shape 
and  only  1  x  li  inches  in  size.  Low 
response  is  linear  to  one-half  cycle 
in  24  hours.  The  unit  features  a 
high  signal-to-noise  ratio. 


Radio's  newest,  multi-purpose  instrument  con¬ 
sisting  of  a  grid-dip  oscillator  connected  to  Its 
power  supply  by  a  flexible  cord. 

Checir  these  appIkoHom: 

•  For  determining  the  resonant  frequency  of 
tuned  circuits,  antennas,  transmission 
lines,  by-pass  condensers,  chokes,  coils. 

•  For  measuring  capacitance,  inductance, 
Q,  mutual  inductance. 

•  For  preliminary  tracking  and  alignment 
of  receivers. 

•  As  an  auxiliary  signal  generator;  modu¬ 
lated  or  unmodulated. 

•  For  antenna  tuning  and  transmitter  neu¬ 
tralizing,  pawer  off. 

•  For  locating  parasitic  circuits  and  spurious 

•  As  a  low  sensitivity  receiver  for  signal 
tracing. 


Terminal  Strip-Socket 

Yates  Engineering  Services,  Box 
67M,  Cranford,  N.  J.,  has  devel¬ 
oped  a  new  combination  tube  socket¬ 
mounting  strip  for  both  point-to- 


SfECIflCATIONS: 
Power  Unit;  5^"  wide; 
6^4"  high;  7  W‘  deep. 
Oscilkilor  Unilt 
diameter;  2"  deep. 

FREQUENCY: 

2.2  me.  to  400  me.; 
seven  plug-in  eoilt. 

MODULATION: 

CW  or  120  eyelet;  or 
external. 

POWER  SUPPLY; 
110-120  volts,  50-60 
cycles;  20  watts. 


MANUFACTURERS  OF 
StsndarA  Sifsil  Ctesratsrs 
Pdse  Cseeratsrs 
FM  Sigsd  Geeeratsrs 
Sqesrs  Wire  Gsneratsrs 
Vaceem  Tube  VeltMettrs 
UHF  Radio  Ntiso  A  FMd 
Straefth  Motors 
Capacity  Iridfos 
Motohm  Motors 
Phass  SoRuanco  ladkators 
Tolavlsiao  and  FM  Tost 


point  and  cabled  wiring  layouts. 
The  unit  will  soon  be  available 
singly  or  in  multiple  gangs  for  such 
assemblies  as  audio  units  or  midget 
radio  chassis. 


Rectifier  Tube 

National  Electronics,  Inc.,  Ba¬ 
tavia  Ave.,  Geneva,  Ill.  The  NL-617 
is  a  compact,  5-ampere  industrial 
rectifier  tube  designed  for  heavy 
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Standard  Ney  precious  metal 
alloys  with  accurately  defined 
properties  are  now  available 
for  prompt  delivery  in  com¬ 
mercial  quantities,  and  our 
Research  Laboratory  is  ideally 
equipped  to  develop  and  test 
ou»er  special  alloys  to  meet 
your  rigid  specifications. 


ELEl'TKICAL  CONTACTS  UN  P0TENTI0METEH8 
SLIP  H1NU8,  RELAYS  ANU  SWITCHES 

PALINEY  #7 

SLIDING  CONTACTS  FOR  POTENTIOMETERS 

PALINEY  ^7  is  being  used  for  a  contact 
material  on  potentiometers  wound  with  a 
nickel-chrome  alloy  resistance  wire.  This 
combination  is  consistently  producing  units 
with  life  of  better  than  one  million  cycles 
and  maintained  accuracy  of  0.1%  or  better 
throughout  the  life  of  the  unit, 

NEY-ORO  #28 

SLIP  RING  BRUSHES 

NEY-ORO  #28  is  a  special  alloy  developed 
as  a  contact  brush  material  for  uses  against 
coin  silver  slip  rings.  Laboratory  tests  and 
reports  from  users  indicate  life  of  better 
than  10  million  revolutions  with  no  elec¬ 
trical  noise. 


^  >  Write  or  telephone  {Hartford  2-4271)  our  Research  Department. 

NEY/ 

\GOLd/  the  J.  M.  IMEY  COIWPAIMY  179  ELM  STREET  •  HARTFORD  I,  CONN. 
\  /  SPECIALISTS  IN  PRECIOUS  METAL  METALLURGY  SINCE  1«12 


The  Magic  of 


Airborno  Equipment  for; 

OMNI-DIREaiONAL  RANGES 
RUNWAY  LOCALIZERS 
VISUAL-AURAL  RANGES 
SIMULTANEOUS  VOICE 
GCA  VOICE  RECEPTION 


Th*  Type  ISA  VHP  Navigational 
Receiving  Equipment  (illustrated) 
provides  for  reception  on  the  new 
Omni-Directional  Ranges  as  well  as 
operation  on  both  types  of  VHP 
Runway  Localizers,  and  the  VHP 
Visual-Aural  Airways  Ranges. 
Simultaneous  voice  feature  is  includ¬ 
ed  on  these  ranges.  The  tunable 
A.R.C.  Receiver  permits  selection  of 
any  VHP  aircraft  frequency. 


Th*  dapandability  and  performance  of  that*  VHP  Com- 
fnunicotion  ond  NaYf^otion  Systems  spalls  incr^astd  saftfy 
in  flight.  Spacify  A.R.C.  for  your  next  installation. 


ircraff  j^dio  (orporation 


.  BOONTON  NEW  JERSEY 


DEPENDABLE  ELECTRONIC  EQUIPMENT  SINCE  1928 


duty  applications  at  voltages  up  to 
600  volts  d-c.  Low  condensed  mer¬ 
cury  temperature  makes  possible  a 
peak  inverse  voltage  rating  of  1,000 
volts. 

D-C  Power  Supply 

Furst  Electronics,  800  W.  North 
Ave.,  Chicago  22,  Ill,  Model  710- 
SR  d-c  power  supply  features  a 
stable  basic  regulator  circuit.  Out- 


Tha  A.R.C.  Typa  17  or  A.R.C.  lypa 

1 1  is  the  companion  communica¬ 
tion  equipment  normally  asso¬ 
ciated  with  the  Type  15 A.  The 
Type  17  VHP  Communication 
Equipment  adds  independent 
two-way  VHP  communication  fa¬ 
cilities.  The  Type  18  adds  VHP 
Transmitting  Equipment  only.  All 
Type  17  and  18  units  are  type- 
certificated  by  the  CAA. 


put  voltage  is  continuously  adjust¬ 
able  over  a  range  of  less  than  600 
to  more  than  1,500  volts  by  the  op¬ 
eration  of  a  control  knob  on  the 
front  panel.  The  unit  is  built  for 
low-current  devices  such  as  Geiger 
tubes. 

Stabilized  Rectifier 

Industrial  Electronics  and 
Transformer  Co.,  Dept.  EE,  1801 
East  Slauson  Ave.,  Los  Angeles  11, 
Calif.  The  new  stabilized  rectifier 
was  developed  for  installation 
wherever  unattended  battery  charg¬ 
ing  is  a  necessity.  Voltage  regulat¬ 
ing  transformers  compensate  for 
variations  in  a-c  line  voltages  to 
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^  Plastic  Insulatad 

HANDLES  REMAIN 


TROUBLE-FR 


NOTHELFER 

WINDING  UBORATORIES 

9  ALBERMARLE  AVE.,  TRENTON  3,  N.  J. 


DURST  y6ut- 

SQUE^Mmrf/ 

WIRING  and  SOLDERING  PLIERS 


Designed  for 

FASTER 

Assembling 


No  Elements 
to  Burn  Out 

Instant 
ON  and  OFF 


»JME> 


supetwh 
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CUSTOM-BUILT 

TRANSFORMERS 


AND  ELECTRICAL  COILS 


Over  25  years'  experi- 

ence  in  the  manufacture 

of  specials  at  cost  that 

compares  favorably 

with  standard  types. 

irvA*"n*^T^  Built-in  quality  proved 

KVA  Dry-Type  Only,  i  L  i 

Both  Open  and  En-  by  years  of  actual  use. 
cased,  I,  2,  &  3  Phase  15 

to  400  Cycles.  PROMPT  DELIVERIES! 


NEW  PRODUCTS 


(continntd) 


tors  can  be  geared  to  produce  clock¬ 
wise  or  counterclockwise  speeds 
from  400  to  1  rpm  on  the  final  shaft. 


selenium  rectifiers.  The  output  cur¬ 
rent  is  4,  6,  or  12  amperes,  voltage 
from  3  to  60  cell  ratings;  and  a-c 
input  can  be  110  or  220  volts.  ‘ 


Gear  Train 


Gleason-Avery,  Inc.,  Auburn, 
N.  Y.  A  new  gear  train  for  use 
with  the  B-30  series  of  small  syn¬ 
chronous  and  nonsynchronous  mo- 


Pockel-Size  Tester 

Superior  Instruments  Co.,  227 
Fulton  St.,  New  York  7,  N.  Y.  Model 


COMPLETE 
with  foot 
switch  and 
low  voltage 
transformer . 


SOLDER  STAYS  ON 
WORK.  IT  WILL 
NOT  CLING  TO  THE 
ALUMINUM  ALLOY 
PLIER  JAWS  ^ 


No  current  used 
until  switch  is 
closed 


FLEXIBLE 

CORD 


PLIERS 
ARE  6V7 
LONG 


Here  s  how  FAST  they  work  — 
Grip  connection  to  be  made. ..step  on 
switch  .  .  .  apply  solder  .  .  .  release  switch. 


DURST  MANUFACTURING  CO. 


6671  SUNSET  BOULEVARD,  OFFICE  1585,  LOS  ANGELES  38,  CALIF 


PRECISION  POTENTIOMETERS  teMPoiWTV 

Toroidal  and  Sinusoidal  I  insuie  Better  Reception 


For  nse  in  computing  and  analyz¬ 
ing  devices;  generation  of  low  fre¬ 
quency  saw  tooth  and  aine  waves; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  servo¬ 
mechanisms;  electro  medical  in¬ 
struments,  measuring  devices — tele¬ 
metering;  gun  fire  contrql  where 
360*  rotation,  high  precision  and 
low  noise  levels  are  essential. 

The  type  RL14MS  sinusoidal  po¬ 
tentiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  wave  true  within  ' 
z±:-6%-  Overall  dimensions  are 
4%"  diameter  z  4  11/32  long  plus 
shaft  extension  Vi"  diameter  x 
IVi"  long. 


Write  for  Bulletin  ¥•68 


Adjustable  V  Dipole 
Antenna  for  nuixi- 
mum  response  on 
FM  and  TV  bonds. 
Dipoles  may  be  ad¬ 
justed  to  anale  best 
suited  for  clear  re¬ 
ception  and  to 
counteract  electri¬ 
cal  noise  or  reflect¬ 
ed  signal.  Ideal  for 
use  in  congested 
areas. 


Extended  V-Type  Dipole 
Antenna  for  all  fre¬ 
quencies  between  44 
and  216  me.  Permits 
proper  impedance 
matting  to  300  ohm 
line  for  TV  and  FM. 


Similar  to  preced¬ 
ing  excepting  it  is 
equipped  with  re¬ 
flector  to  permit 
better  reception  on 
distant  stations. 
Ideal  for  all  TV  and 
FM  installations. 

Write  for  Catalog 
and  Prices. 


THE  GAMEWELL  COMPANY 

Newton  Upper  Falls  64,  Massachusetts 


(3 m  ax  Pr  o  cJucit 


Div.  Chitholm-Ryder  Co.,  Inc. 

4810  Highland  Ave.,  Niagara  Falls,  N.  Y. 


PIPE  COUPLINGS 


ELECTRIC  WIRES 


ELECTRICALLY  HEATED  PRESSURE  HEADS 


CONTINUOUS  FILM  RECORDING  CAMERAS 


AND  EQUIPMENT  FOR  CATHODE  RAY 


OSCnXOGRAPHY,  ETC. 


Wc  undertake  the  Design, 
Development  and  Manufacture  of 
any  type  of  Optical— Mechanical 
— Elearical  Instrument.  Includ¬ 
ing  Cameras  for  special  purposes. 


Avimo  Limited,  Taunton,  England  *  Telephone  Taunton 


COXDENSER  PUTES 
liMiiiL  METm  miiriNes 

in  accordance 
with  Customer’s  Prints 

• 

ACCURACY  •  PRECISION 
REASONABLE  DIE  CHARGES 

• 

Modem  Equipment  and  Factory 
No  Screw  Machine  Parts 

• 

PinON-MicGUYER  COMPIRY 

17  VIRGINIA  AVENUE 
PROVIDENCE,  R.  I. 
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Name. 


Pusiiion. 


Company 


Address. 


ation,  broad  test  facilities  and 
speed.  It  eliminates  switching 
back  and  forth  from  one  range  to 
another  to  balance  the  circuit,  and 
requires  only  zeroing  the  meter  on 
the  range  to  be  used. 

Pulse  Generator 

Kay  Electric  Co.,  Pine  Brook, 
N.  J.,  announces  the  Mega-Pulser, 
an  ultra-short  pulse  generator,  pro¬ 
viding  a  pulse  with  a  spectrum 


Used  effectively  in  leading  labora¬ 
tories,  such  as:  Harvard  University, 
Bell  Aircraft  Corp.,  and  Hamilton 
Standard  Propellers ...  for  measur¬ 
ing  natural  frequencies  or  speed  of 
rotating  objects,  checking  or  cali¬ 
brating  tachometers,  oscillators,  im¬ 
pulse  generators, -similar  equipment. 

C.G.CONN  LTD.,  DEPT.  712 

ELKHART,  IND. 


TUxctc 

*polclen. 


Please  send  frtt  Siroboconn  _  I 

folder  containing  information  **—  j 

about  operation  and  applica-  ^ -  J 

tion  of  this  new  precision  in¬ 
strument.  I  understand  this  places  me  under  no  obli¬ 
gation. 


-Zone - Stace- 


WlNCHESTER  ELECTRONICS  CO.,  6  E. 
46th  St.,  New  York  17,  N.  Y.  The 
seven-contact  lightweight,  aircraft- 
type  connector  has  a  breakdown 
voltage  between  contacts  of  7,500 


volts  d-c  and  5,300  volts  a-c.  Mel-  j 
amine  molded  parts  with  telescop-  i 
ing  barriers  provide  long  creepage  j 
paths.  Weight  of  the  connector  is 
0.8  ounce.  i 


Volt-Ohm-Milliammeter 

1 

The  Triplett  Electrical  Instru-  ! 
MENT  Co.,  Bluffton,  Ohio.  Model 
2451  electronic  volt-ohm-milliam- 
meter  was  designed  for  simple  oper- 


•  INSTANTLY  computation. 

•  ACCURATELY  termination  of  O.OSX. 

•  \g  I  e  1 1  A  I  i\/...at  the  turn  of  the  dial 
V  lb  UA  LLY  indicator  knob. 
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NEW  PRODUCTS  (continued)  | 

770  pocket-size  volt-ohm-milliam-  i 
meter  was  designed  for  radio  and 
electrical  appliance  servicemen. 
Sensitivity  is  1,000  ohms  per  volt.’ 
Its  two  resistance  ranges  are  from 
0  to  500  ohms  and  0  to  1  megohm.  i 


Seven  Contact  Connector 


High  speed  machine-winding 
of  electric  motor  armatures 
necessarily  exposes  magnet 
wire  to  some  rugged 
treatment.  j 

The  all-around  (in  the  j 

groove  and  out)  ^ A 

"vrindability"  of  ^ 

ESSEX  EXTRA  TEST 
MAGNET  WIRE  in  this 
and  other  exacting  appli¬ 
cations  cannot  be  excelled. 


r  ESSEX  WIRE  CORP. 

FORT  WATNI  INDIANA 

Plants:  Fort  Wayne,  Indiana;  Dstroit,  Michigan; 
Anahsim,  California.  Warshousea*  and  Salas 
Officas: 'Atlanta,  Ga.;  *Boston,  Maaa.; 'Chicago, 
Ill.;  Dallas,  Tszaa;  Dayton,  Ohio;  'Detroit,  Mich.; 
Kansas  City,  Mo.;  'Newark,  N.J.;  Philadelphia, 
Donniw-rc  I**-!  Louis,  Mo.;  Clezeland,  Ohio;  MUwaukee, 

Wis.;  San  Francisco,  Calif.;  'Los  Angeles,  Calif. 


'WVWW14I 


Qu<ility  froducK  for  Ov*\f  d‘j  Years 


(continued) 


NEW  PRODUCTS 


PREMIER  DIALS, 
PANELS  &  PUTES 


What  counts.  salM-wise,  is 
what  your  customer  sees.  What 
gets  the  attention  for  Premier 
Metol  Products,  quality-wise,  is 
their  sharpness  and  clarity  .  .  . 
close  tolerances  .  .  .  rich  colors 
and  baked-in  finishes.  Let  us 
tell  you  how  these  qualities 
con  add  important  sales-oppeal 
to  your  products, 
ttcM  A  Uihograph*d  on: 

•  Aluminum  ■  Bran 

•  Bronze  •  Copper 

•  Monel  •  Nickel  Silver 

•  Stainless  Steel 

WRITE  FOR  BULLETIN 


which  more  than  covers  the  present 
video  frequency  range.  It  oper¬ 
ates  on  117  volts,  60  cycles,  and  has 
a  self-contained  power  supply. 
Price  is  $196. 


Electronic  Preheater 

American  British  Technology 
Inc.,  57  Park  Ave.,  New  York  16, 
N.  Y.  The  Radyne  medium-sized 
electronic  preheaters  are  made  in 
various  sizes  from  20  to  375  btu 


etching  company 

tONG  ISLAHD  CITY 


premier  metal 


avehue 


output.  Heating  rate  can  be  ad¬ 
justed  smoothly  from  zero  to  full 
power  by  arranging  the  electrode, 
raising  and  lowering  a  knob  at  the 
top  of  the  cabinet.  Heat  output  and 
timing  are  indicated  by  dials. 


WAH 

INDUCTIVE 

MAX.  RES;  .01  )o  7.500  ohm  |33l  Alloy) 
.01  to  4,000  ohm  jNtchrome) 
.01  to  1,250  ohm  (Mongonin) 
®ODY  SIZE:  Ig.  by  3/16"  diom. 

TOLERANCE:  STANDARD  1% 


1  WAH 
INDUCTIVE 


Flasher  Timers 

Haydon  Mfg.  Co.,  Inc.,  245  E.  Elm 
St.,  Torrington,  Conn.,  has  de¬ 
signed  the  No.  5400  series  of  inter¬ 
rupter  or  flasher  timers  for  appli¬ 
cations  requiring  that  current  be 
fed  to  a  controlled  circuit  in  pulses 
of  constant  and  predetermined  ac- 


.01  to  2,500  ohm  (Mongonin) 
RODY  SIZE;  1"  Ig.  by  3/16"  diom. 
TOLERANCE:  STANDARD  1% 


Con  be  supplied  non  •  inductive  with 
one*hoif  indicoted  maximum  resistonce. 


Economical  in  Cost 

IN-RES-CO  WL  aeries  resistora 
were  designed  to  meet  increasing 
demands  for  a  compact  resistor 
of  high  accuracy  priced  for  gen¬ 
eral  use.  They  meet  the  most 
critical  requirements — close  tol- 
eraitce,  ability  to  withstand  over¬ 
load,  long  life.  Write  today  for 
catalog  describing  the  full  line  of 
quality  IN-RES-CO  resistors. 


imTRIIMENT  RESISTORS  CO.,  1056  COMMERCE  RVE.i  UNKW,  N.  J 
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X1784 


X1785 


Short 


components  and  hardware,  they’re 
guaranteed  for  materials  and  work¬ 
manship! 

CUSTOM  SERVIC8 

Chances  are  you’ll  find  the  terminal 
lugs  you  need  in  the  CTC  standard 
line.  It’s  wise  to  check  first.  If  not, 
CTC  will  custom -engineer  lugs  to 
your  specifications.  A  discussion  of 


angle  the  ma.st  iS'  mounted.  Re- 
que.'^t  booklet  248S  for  further  in¬ 
formation. 
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JOIN  THE 
CTC  LINE 


Hollow  lugs  speed  wiring  from  top  or 
bottom  of  terminal  board. 


X1783 

X1782 

LI 

1 

1* 

J 

\  * 

mill 

Lugs  shown  actual  size.  Notice  the  midget 
split  lug  for  hearing  aids  and  other  small- 
space  applications.  Ask  for  prices  by 
code  number. 


These  new  CTC  terminal  lugs  for 
quick,  easy,  neat  connections  are 
typical  of  the  broad  line  in  midget, 
short,  turret,  double-end  and  split 
types ...  in  sizes  to  meet  widely 
varying  needs.  They’re  all  strongly 
made  of  quality  brass,  heavily  silver 
plated;  yet  they’re  free  from  surplus 
metal  that  would  draw  heat  and  slow 
down  soldering.  Their  tolerances  are 
uniform  enough  for  automatic 

swninncr.  Anri,  nf  noiirsp.  lilcp  nil  CITf! 


NEW  PRODUCTS  (continued) 

curacy.  The  range  is  from  72 
flashes  per  minute,  each  0.4  second 
in  length,  to  1  every  2  minutes, 
each  flash  1  minute  long. 

Power  Generator 

The  High  Frequency  Heating  Co., 
143  Glen  Park  Ave.,  Gary,  Indiana, 
announces  the  HFH-1.2A-L  elec- 


Wires  drawn  to  .0004"  diameter. 


1  tronic  power  generator  for  produc- 
I  tion  induction  heating.  Power  out- 
!  put  is  1,200  watts;  frequency, 
I  400  kc. 

!  Antenna  Bracket 

J.  F.  D.  Mfg.  Co.,  Inc.,  4117  Fort 
Hamilton  Parkway,  Brooklyn  19, 
N.  Y.  The  multiposition  bracket 
I  for  f-m  and  television  antenna 
I  olfers  secure  setting  at  whatever 


Ribbon  rolled  to  .0001"  thitkness. 


Alloys  for  Spettol  requirements. 


your  requirements  will  not  obligate 
you  in  any  way. 


-;*;if;|ili  Bill— i 


Coil 


I  ermtnai 

Swager  Double  End  Board 

Crra/ry/f  tf/ 

T/ e  tan /t-t'f/ 


CAMIRID6E  THERMIONIC  CORPORATION 

437  Concord  Avenue,  Cambridge  38,  Mass. 


Broad  Band  TraiiNfornier 

Measurements  Corp.,  Boonton, 
I  N.  J.  Model  M-2_6  broad  band 
j  transformer  is  designed  for  match¬ 
ing  72-ohm  coaxial  to  300-ohm  bal¬ 
anced  line  in  the  range  40  to  220 


WRITE  for  list  of  stock  alloys. 


oniit  afCf 

/i  IVVI 


HIGH  PERFORMANCE 


NEW  PRODUCTS  (continued) 

tube  checker,  each  tube  element  has 
its  own  circuit  switch.  All  standard 
receiver  tubes  as  well  as  pilot  bulbs 
and  batteries  can  be  checked. 


Window  Antenna 

\ 

Vertrod  Corp.,  11  Park  Place, 
New  York  7,  N.  Y.  Projecting  not 
more  than  45  inches  a  new  tele¬ 
vision  and  f-m  antenna  can  be 


Sigma's  specialty  is  the  supplying  of  relays  to  meet  unusually  exocting 
requirements.  Such  success  as  we  enjoy  is  due  os  much  to  willingness  to 
study  applications  in  detail  as  to  basically  good  relay  designs. 

You  are  urged  to  take  advantage  of  this  in  submitting  your  problem, 
^  ^  by  stating  particulars  of  purpose  and  function, permitting 
/nlOU  A  ***  relay  os  part  , 

h  iHfti  of  a  complete  system.  / 


•  HIGH  SPEED  •  LOW  INPUT 

•  LONG  LIFE  •  CLOSE  TOLERANCE 

AC  ....  DC  ...  .  POLAR 


RELAYS 

62  Cejflon  St,  Boston  21,  Mass. 


mounted  outside  an  apartment  or 
dwelling  window.  A  network 
matches  the  antenna  to  300-ohm 
line,  although  a  special  adapter  can 
be  furnished  for  70-ohm  line. 


Gerniaiiiiini  Varistors 

Western  Electric  Co.,  Inc.,  195 
Broadway,  New  York  7,  N.  Y. 
Distributed  by  Graybar  Electric 
Co,,  are  several  new  types  of  point- 


The  flick  of  o  finger  operates  the 
potenled  "Gove"  Verficol  Alten- 
uater.  Representing  the  very  latest 
in  broadcast  components,  these 
units  are  suitable  for  every  type 
of  sound  equipment  from  elobor- 
ote  broadcast  stations  to  the 
simplest  P.A.  system.  Unit  gives 
smooth  easy  operation  and  con 
be  cleaned  from  front  of  ponel 
by  removing  escutcheon.  Com¬ 
pletely  shielded  and  dust  proof. 


contact  germanium  crystals,  1N43, 
1N44,  1N45,  1N46,  1N47,  and 

D175347.  They  have  low  end-to-end 
capacitance,  high  current-handling 
ability,  and  stable  characteristics. 


OestripNvt 

BMflttil 


Courtesy  of  WHKC,  ^ 
United  Broadcasting  Co. 


Battery  Voltmeter 

Hewlett-Packard  Co.,  395  Page 
Mill  Road,  Palo  Alto,  Calif. 
Battery-operated  vacuum-tube  volt- 
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NEW  PRODUCTS 
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HIGH  VOLTAGE 
SELENIUM  RECTIFIERS 


Hermetically  sealed  in  1/2"  diameter 
glass  tubes,  Bradley  SE6M  high  voltage 
selenium  rectifiers  are  rated  up  to  S  ma. 
D.  C.  They  ore  polarized  for  fuse  clip-type 
mounting.  Available  from  1,000  to  15,000 
volts  peak  inverse.  Bradley  engineers  con 
quickly  specify  the  right  type  of  selenium 
or  copper  oxide  rectifier  for  your  need. 


SIMPLIFY  PHOTO  CELL 
CONTROL 


Lttxtron*  photo  cells  convert  light  into 
electrical  energy.  No  external  voltoge  is 
required  to  operate  meters  and  meter  re¬ 
lays  directly  from  Bradley  photo  cells,  im¬ 
proving  control  over  your  processes,  reduc¬ 
ing  your  costs.  Housed  model  shown.  Many 
different  sizes  and  shapes,  mounted  and 
unmounted. 

•  T.  M  REG.  U.  8.  PAT.  OFF. 


lUustratttd  literature,  avail¬ 
able  on  request,  shows  Brad¬ 
ley's  full  line  of  photo  cells 
and  copper  oxide  and  selen¬ 
ium  rectifiers.. 


Write  for  "The  Bradley  line" 

BRADLEY 

LABORATORIES/  INC. 

82  Meadow  St.  New  Haven  10,  Conn. 


megacycles.  Type  UG-21/U  coax¬ 
ial  fittings  and  soldering  lugs  are 
provided. 

Field  Intensity  Meter 

Radio  Corp.  of  America,  Camden, 
N.  J.  A  new  portable  field 
intensity  meter  type  WX-2A  con¬ 
tains  a  built-in  calibrating  oscilla¬ 


tor  and  measures  from  10  micro¬ 
volts  to  10  volts  per  meter  in  the 
frequency  band  from  540  to  1,600 
kc.  Readings  are  given  directly 
making  it  unnecessary  to  use  cor¬ 
rection  factors  or  charts. 

Acoustical  Measurements 

Western  Electro-Acoustic  Lab. 
621  S.  Spring  St.,  Los  Angeles  14, 
Calif.  The  capacitor  microphone 
unit  type  lOOB  illustrated  and  a 


thermal  noise  source  type  300A 
are  available  for  acoustic  measure¬ 
ments.  Detailed  specifications  will 
be  sent  upon  request. 

Tube  Checker 

General  Electric  Co.,  Syracuse, 
N.  Y.  In  the  type  YTW-1 


FOR  PERSONALIZED 
ATTENTION 
TO  YOUR 
RESISTANCE  WIRE 
PROBLEMS 


CONSULT  JELUFF 

When  confronted  with  any  rctMtanc*  probkoi, 
t«lt»  advanuge  of  the  diversified  experienett  of 
JeOifi  in  selecting  the  proper  aOoys  for  your 
specific  applications. 

For  recommendations,  literature,  prices  and 
livery  of  Jellifi  Quality  Alloys  get  in  touch  with 
our  nearest  tales  represenutive  or  communicate 
dirca  with  Southport,  Connecticul.  Write  or 
phone  for  Prompt  Action. 

JELLIFF  SALES  REPRESENTATIVES 

BOSTON,  MASS.  Phone:  LIBERTY  1277 

White  Sales  Co.,  Room  502,  10  High  St. 

CHICAGO,  ILL  Phonr.  STAH  S292 

William  Maxwell  Co.,  107  N.  Wacfcer  Drive 

CLEVELAND,  OHIO  Phone:  MAIN  8S8S 

A.  J.  Loeh  Sales  Co.,  1836  Euclid  Ave.  So. 

LOS  ANGELES,  CAUf.  Phonr.  TRINITY  7353 

Perimuth-Colman  Associates,  942  Maple  Ave. 

NUNNEAPOIIS,  MINN.  Phonr  GENEVA  3373 

Volco  Company,  622  McKnight  Buildiiig 

NEW  YORK,  N.  Y.  Phonr  CAIEDOMA  5-1776 

R.  B.  Dana  Company,  101  Park  Ave. 

PHRA.,  PA.  Phonr  KINGSLEY  5-120S 

S.  K.  MacDonald,  1531  Spruce  St. 

PITTSBURGH,  PA.  Phonr  CEDAR  3000 

Wm.  M.  OtT  Co.,  1228  Brighton  Rd. 

ROCHESTER,  N.  Y.  Phonr  MONROE  5392 

J.  R.  Hanna,  P.  O.  Box  93,  Brighton  Station 

SEATTLE,  WASH.  Phonr  SE-0193 

Perimuth-Colman  Associates,  704  Third  Avenue 

HUU,  QUL,  CANADA 

Mica  Co.  of  Canada,  LttL,  P.  O.  Box  189 


The  C.O.  JELLIFF 
MANUFACTURING 
CORPORATION 

SOUTHPORT,  CONN. 


NEW  PRODUCTS  (continued) 

into  10,000  ohms.  With  average 
use  the  batteries  last  three  months. 


Literature 


Color  Eye.  Instrument  Develop¬ 
ment  Labs.,  Inc.,  541  Willis  Ave., 
Williston  Park,  L.  I.,  N.  Y.  Type 
PPG-IDL  Color  Eye  designed  for 
industrial  color  measurements  is 
pictured  in  a  4-page  brochure.  De¬ 
tailed  catalog  sheets  are  also 
available. 


ELECTRIC 


New  Motors.  Eastern  Air  De¬ 
vices,  Inc.,  130  Flatbush  Ave., 
Brooklyn  17,  N.  Y.,  have  a  4-page 
brochure  describing  Hysteresis 
synchonous  motors  for  wire  and 
film  recorders,  sound  cameras,  and 
other  devices  where  lack  of  vibra¬ 
tion  and  hunting  is  desirable. 


jg  K  that  are  sturdily  built 
i  K  for  the  hard  service  of 
'  K  industrial  usage.  Have 
jV  plug  type  tips  and  are 
^  constructed  on  the  unit 
system,  with  each  vital 
part,  such  as  heating  ele¬ 
ment,  easily  removable  and 
replaceable.  In  5  sizes,  and 
from  30  watts  to  530  watts. 


Product  Index.  West  Coast  Elec¬ 
tronic  Manufacturers  Association, 
Inc.,  1161  North  Vine  St.,  Holly¬ 
wood  28,  Calif.  A  20-page  booklet 
contains  the  WCEMA  membership 
list  and  also  an  alphabetical  product 
list  of  radio  lines  manufactured 
and  distributed  on  the  West  Coast. 
The  bulletin  is  distributed  without 
charge. 


102J303 

For  corfridgo-typo 
.  phototubos 


Yes,  General  Elearic  sockets 
—widely  stocked— are  as 
conveniently  available  as  G-E 
tubes.  You  get  the  same  fast 
delivery,  plus  leading-manu¬ 
facturer  responsibility  to  back 
up  the  product. 

And  G-E  sockets  are  designed 
and  built  for  G-E  tubes!  By 
standardizing  on  both,  you 
have  increased  assurance  of 
superior  performance  and  high- 
value  tube  life. 

Ordering  is  easy,  from  your 
nearby  G-E  source  of  tube-and- 
socket  supply.  One  phone-call 
starts  both  items  on  their  way 
to  you,  and  your  record-keep¬ 
ing  is  simplified. 

Economically  priced,  G-E 
sockets  in  all  popular  types 
await  your  inquiry.  Address 
your  nearest  G-E  elearonics  of¬ 
fice,  or  Electronics  Department, 
General  Electric  Company, 
Schenectady  5,  Sew  York. 


Sheet  Metal  Fabrication.  Karp 
Metal  Products  Co.,  Inc.,  129  30th 
St.,  Brooklyn,  N.  Y.,  has  just  pub¬ 
lished  a  16-page,  2-color  catalog 
outlining  facilities  for  fabricating 
sheet  metal  cabinets  and  enclos¬ 
ures.  Up-to-date  examples  are 
.shown. 


TEMPERATURE  REGUUTINQ  STAND 

This  is  a  thermostatically  con¬ 
trolled  device  for  the  regulation 
of  the  temperature  of  an  electric 
soldering  iron.  When  placed  on 
and  connected  to  this  stand,  iron 
may  be  maintained  at  working 
^  temperature,  or  through 

an  adjustment  on  bot- 
tom  of  stand,  at 
low  or  warm 
V  temperature. 


vice 


Broadcast  Equipment  Catalog. 
Radio  Corp.  of  America,  Camden, 
N.  J.  A-m,  f-m,  and  television 
broadcast  equipment  is  illustrated 
in  a  247-page  catalog  that  covers 
the  field  from  microphones  to  meas¬ 
urement  equipment.  There  is  a 
convenient  data  section  and  index. 
Price  is  $1.00. 


Standards  List.  American  Stand¬ 
ards  As.sociation,  70  E.  45th  St., 
New  York  17,  N.  Y.  An  up-to-date 
list  of  all  approved  national  stand¬ 
ards  was  recently  published  and  is 


GENERAL  ^  ELECTRIC 
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: 


AITEC  LANSINp^:-^.^^^ 

adopts  new  policy  o  publishing^^^^ 

FREQUENCYltES^NSE 

curves!  ^rji 


To  be  an  honest  yardstick  of  the  performance 
of  a  speaker,  frequency  response  curves  must 
be  scientifically  accurate:  they  must  be  niade  | 
on  measurement  equipment  that  has  earned  | 
the  approval  of  conservative  unbiased  audio  | 
scientists.  The  frequency  .response  curves  pub-  ■ 
lished  by  Altec  Lansing  to  confirm  the  radically 
superior  performance  of  its  new  1948  line  of  j 
speakers  were  made  in  its  outdoor  measure¬ 
ment  laboratory  at  Encino,  Cal.,  with  equip¬ 
ment  and  methods  approved  and  used  by 
nationally  known  engineers  as  well  as  by  the 
Motion  Picture  Research  Council  for  establish¬ 
ing  speaker  standards  in  the  motion  picture  in¬ 
dustry.  The  dependability  of  curves  is  a  meas¬ 
ure  of  the  professional  integrity  of  the  manu¬ 
facturer  who  releases  them. 

Methods  and 
equipment  for 
outdoor-auto¬ 
matic  hiifh  speed 
measu  rements 
are  those  recom¬ 
mended  by  the 
American  Stand¬ 
ards  Association 
in  their  Lou d- 
speaker  TestinK 
Bulletin  (C16.4- 
19421  and  re¬ 
fined  by  Altec 
Lansing  B  e- 
search  StafT. 


JLTEC 


Send  for  brochure  describing  1948  line 
of  Altec  I^jinsing  speakers,  containing 
frequency  response  curves.  Altec 
Lansing  Corporation,  161  Sixth  Ave., 
New  York  13,  or  1161  North  Vine  St., 
Hollywood  38,  Calif. 


Shape  and 
need! 


Size  YOU 


PARAMOUNT 

PAPER  TUBES 


site' 

m 


All  Sizes  In 

Squore  ov 

id  Rectongi 

tflor  Tubes 

Leading  manu 

facturers  rely 

on  the  quality 

and  exactness 

1  of  PARAMOUNT  paper 

tubes  for  coil  forms  and  other  uses.  Here 

you  have  the  advantage  of  long,  specialized 

experience  in  producing  the  exact  shapes 
and  sizes  for  a  great  many  applications. 

Hi-Dielectrii 

r,  Hi-Strengtb.  Kraft,  Fish 

Paper,  Red  Rope,  or  any 

combination. 

Wound  on  automatic  machines.  Toler- 

ances  plus  or  minus  .002*. 

Made  to  your 

PARAMOUNT  PAPER  TUBE  CORP. 

616  LAFAYETTE  ST.,  FORT  WAYNE  2,  IND. 

Manujacturers  of  Paper  Tubing  for  the  Electrical  Industry 


meter  model  404A  is  designed  for 
a-c  measurements  from  2  cycles  to 
20  kilocycles  at  voltages  ranging 
from  0.001  to  300  volts.  Input  im¬ 
pedance  is  10  megohms  shunted  by 
capacitance  of  approximately  20 
picofarads. 

Pickup  Preamplifier 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  phonograph  pream¬ 
plifier  UPX003  designed  for  use 


with  a  variable  reluctance  pickup 
is  etjuipped  with  power  tran.s- 
former  and  rectifier,  avoiding  the 
necessity  for  connecting  the  device 
into  the  receiver  wiring. 

Battery  Audio  Oscillatiir 

Hewlett-Packard  Co.,  395  Page 
Mill  Road,  Palo  Alto,  Calif.  Model 
2D1A  audio  oscillator  has  a  fre- 
(lucncy  range  from  2  cycles  to  20 
kc  in  4  decades.  Output  is  5  volt.s 


1b- 


V. 


V 
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AaUAL  SIZE 

CARBT 

MAHUrACTURItS  Of  FRECISIOH 

EYEinS  and  MUITIPIE 
PLUNGER  PRESS  PRODUCS 

Tho  Carby  Manufacturing  Company,  tpe- 
ciaHtU  in  imall  diameter  and  long  draw, 
through  yean  of  experience,  engineering 
"know-how"  and  excellent  production  facil- 
itiai,  can  accurately  pfoduce  to  the  most 
rigid  requirements  every  electronic  require¬ 
ment  for  .  .  : 

e  GROMMETS 
e  EYELETS 
•  SOLDERLESS  LUGS 
e  TERMINALS 

e  ferrules 

EYELETS:  Eyelets  can  be  produced  with 
square,  hexangular  or  round  barrels  with 
heads  to  match  or  in  any  wanted  com¬ 
bination. 

METALS:  Available  metals  in  .006  to  .032 
AWG.  Accurately  fabricated  on  eyelet  ma¬ 
chines  or  by  plunger  press  to  meet  any 
requirements  in  .  .  . 

ALUMINUM  COPPER 

BRASS  STEEL 

NICKEL-SILVER 

DELIVERY:  Prompt  delivery  is  a  specialty 
of  Carby.  Our  production  facilities,  mod- 
ernly  managed,  is  at  your  command  to 
meet  any  reasonable  requirement. 

STANDARD  OR  MADE  TO  SPECS  .  .  . 

Many  standard  shapes  in  stock  but  we  spe¬ 
cialise  in  fabricating  special  needs.  Send 
in  your  blueprints  for  prices,  deliveries, 
and  engineering  advice. 


CARBY  MFC.  CO.,  INC. 

62  COHAGE  PLACE 
WATERBURY  5,  CONNECTKUT 


now  available  free  of  charge.  The 
new  price  list  is  useful  to  manufac¬ 
turers,  consumer  groups  and  gov¬ 
ernment  agencies. 

Dieless  Duplicators.  O'Neil-Irwin 
Mfg.  Co.,  Lake  City,  Minn.  A  new 
40-page  catalog  lists  benders,  part- 
ers,  shears,  brakes,  and  other 
metal  working  equipment. 

Connector  Catalog.  Cannon  Elec¬ 
tric  Development  Co.,  Humbolt  St. 
and  Avenue  33,  Los  Angeles  31, 
Calif.,  recently  issued  the  32-page 
C-47  edition  of  its  condensed  cata¬ 
log.  It  covers  the  thirteen  major 
type  series  of  multicontact  electric 
connectors  for  radio,  aircraft  and 
communications. 


Miniature  Fluorescents.  Stocker 
and  Yale,  48  Birch  St.,  Marblehead, 
Mass.,  shows  an  interesting  line  of 
small  fluorescent  lamps  for  micro¬ 
scope  and  similar  illumination  in  a 
new  4-page  illustrated  folder.  In¬ 
cluded  are  combined  lights  and 
magnifiers. 

Blowers.  Rotron  Division,  Jenckes 
Knitting  Machine  Co.,  180  Weeden 
■  St.,  Pawtucket,  R.  1.'  Catalog  sheets 
RP-24  and  RM-22  give  description 
and  technical  information  on  a  new 
line  of  small,  centrifugal  blowers 
with  high  pressure  performance,  as 
required  for  the  cooling  of  many  of 
the  new  forced  air  cooled  radio 
transmitting  tubes. 


Voltage  Regulation.  Sorensen  & 
Co.,  Inc.,  375  Fairfield  Ave.,  Stam¬ 
ford,  Conn.  Catalog  S-348  de¬ 
scribes  in  detail  electronic  control 
of  voltages  and  currents.  Photos 
of  applications,  circuit  diagrams 
and  efficiency  and  performance 
curves  for  a  line  of  a-c  and  d-c 
voltage  regulators  are  given. 


Components  Catalog.  P.  R.  Mal¬ 
lory  &  Co.,  Inc.,  3029  E.  Washing¬ 
ton  St.,  Indianapolis  6,  Ind.  This 
recently  completed  catalog  Number 
1  covers  a  line  of  products  includ¬ 
ing  capacitors,  rectifiers, 'resistors, 
switches,  vibrators,  metals  and  al¬ 
loys,  contacts  and  resistance  weld- 


For  the  best... 
look  west’ 
of  the  Rockies 


at  a 
price 


Taking  full  advantase  of  the  notably  superior 
Altec  Lansing  design  principles  and  engineer¬ 
ing  know-how,  the  new  Peerless  “20-20  Line” 
offers  input,  output,  interstage,  and  special 
purpose  transformers  within  price  range  that 
meets  the  realities  of  present-day  manufactur* 
ing  and  replacement  markets. 

The  NEW  Peerless 

"20-20  LINE" 

of  Audio  Transformers 

Transportation  prepaid  anywhere  In  the 
United  States,  on  orders  totaling  100  pounds 
or  more.  Write  to  Dept.  R  for  new  catalogue. 

PEERLESS 

ELECTRICAL  PRODUCTS 
DIVISION 


ALTEC 


6920  McKinley  Avenue  •  Los  Angeles  1,  Calif. 

Praiar  A  Hansan,  Ltd.,  301  Clay  St., 
Son  Proncisco  1 1,  axclwtiva  axpert  agant 


NOW!  SELF-CONTAINED,  EXPERIMENTAL 


SCHOOL  & 
INDUSTRIAL 


Kepco  Laboratory  Multiple 
Power  Supply  Model  103, 
available  separately. 


NEW  PRODUCTS  (cdnLlnued) 

ing.  The  80-page  publication  is 
available  on  request  by  manufac¬ 
turers. 


Supersonic  Reflectoscope.  Sperry 
Products,  Inc.,  1505  Willow  Ave., 
Hoboken,  N.  J.  Testing  of  welds 
in  plate,  thin  sheet  and  other  sec¬ 
tions  with  the  superonic  reflecto¬ 
scope,  using  a  new  angle  transmit¬ 
ter,  is  fully  described  in  sales  data 
sheet  3021. 


TELEQUIP 


SYNC  GENERATOR 
and  MONOSCOPE 
with 

Monoscope  Picture  Generator 
and  Distribution  Panel 


Towers.  Rostan  Corp.,  202  East 
44th  St.,  New  York  17,  N.  Y.  Char¬ 
acteristics  of  three  types  of  towers 
are  given  in  a  single-page  catalog 
sheet,  together  with  a  list  of  sug¬ 
gested  uses. 


Produces  regular  pictures  used  with  TV  trons- 
mitters.  Gives  synchronizing,  driving  and 
blanking  signals  for  testing,  research  and 
development  work,  with  monoscope  controls 
and  distribution  signals  for  use  at  various 

Invaluable  to  manufacturers  of  TV  receivers 
and  broadcasting  units  for  checking  faults  not 
likely  to  be  observed  by  other  methods.  Can 
be  used  at  transmitting  stations  as  auxiliary  unit.  Available  either 
in  combination  or  as  separate  units. 

Now  used  exc/utivefy  by  many  loading  manufacturers  of  te/e- 
vision  oquipmont. 

Send  for  this  illutfrafod  monograph  complotoly  deserib- 
ing  the  new  Tolequip  Sync  Generofor  and  Monoscope. 


Broad-Band  Antenna.  Communi¬ 
cations  Co.,  Inc.,  300  Greco  Ave., 
Cora!  Gables,  Florida.  Information 
is  available  on  the  model  244  high- 
gain,  broad-band  antenna  designed 
for  communication  with  mobile 
units  on  frequencies  above  100  me. 


TELEQUIP  RADIO  COMPANY 

1903  SOLtTH  WASHTENAW  AVENUE  •  CHICAGO  •,  ILLINOIS 


Position  Recorder.  Servo-Tek 
Products  Co.,  Inc.,  4  Godwin  Ave., 
Paterson,  N.  J.  The  Servograph  is 
a  graphic  recorder  having  a  circu¬ 
lar  chart  with  an  inking  pen  which 
is  remotely  controlled  by  the  use  of 
synchros.  A  four-page  folder  tells 
how  it  works,  gives  specifications 
and  applications. 


Conductive  Coatings.  E.  I.  du- 
Pont  de  Nemours  &  Co.,  Electro¬ 
chemicals  Dept.,  Wilmington  98, 
Delaware.  Conductive  coatings  for 
printed  Circuits,  high-voltage  ca¬ 
pacitors,  static  shielding,  and  other 
uses  are  described  in  bulletin 
CP-2-1247. 


Kopto  Elocironic 
IntfrucHon  Panel 
Modal  104, 
availabla  tap* 
aralaly. 


Now  you  con  porform  oloctronic  •xporimonts 
timply,  toiily  with  tho  Kopco  Etoctronic  Instruc¬ 
tion  Ponol.  Horo  is  o  tooching  aid  that  graph¬ 
ically  illustrotos  vacuum  tub*  principles  — 
•noblas  oil  students  to  grasp  fundamentals  in 
the  laboratory. 

Extremely  versatile,  the  Kepco  Electronic  In¬ 
struction  panel  covers  o  wide  range  of  tubes, 
comes  with  a  pocket  of  23  keyed  interchange¬ 
able  circuit  charts,  3  master  charts  and  1 3  blank 
keyed  sheets  for  additional  experiments.  Panel 
contains  3  octal  tube  sockets,  1 8  binding  posts. 
By  placing  a  keyed  circuit  diagram  on  the  panel 
and  wiring  the  circuit,  students  determine  tube 
or  circuit  characteristics. 

For  a  basic  electronic  instructional  aid  that 
vastly  simplifies  the  teacher's  task,  it's  the 
Kepco  Electronic  Instruction  Panel  I 


Now  you  can  eliminate  the  use  of  cumber¬ 
some  separate  voltage  supplies  with  the  Kepco 
Laboratory  Multiple  Power  Supply.  Designed  to 
be  used  with  the  Kepco  Electronic  Instruction 
Panel,  this  versatile,  compact,  easy-to-use  unit 
supplies  four  commonly  used  voltages,  is  inval¬ 
uable  for  the  school  or  industrial  laboratory. 

CHECK  THESE  FEATURES: 

Two  continuously  variable  B  supplies,  ad¬ 
justable  front  0-300  volts  at  120  m.a. 
Variable  Igrid)  supply,  adjustable  from 
minus  SO  to  plus  50  volts  at  5  m.a. 

6.3  volt  filament  supply  at  5  amperes. 

All  connections  mode  to  sturdy,  front  panel 
binding  posts. 

Input:  105  to  125  volts,  50  to  60  cycles. 
Two  5Y3  rectiRers,  Two  6Y6  control  lubes. 
16"  long,  •"  high,  •%"  deep.  Wgl.:  28  lbs. 


Parts  Catalog.  Aircraft  Radio 
Corp.,  Boonton,  N.  J.  A  booklet 
comprising  a  series  of  bulletins  re¬ 
plete  with  mechanical  drawings, 
specifications,  and  illustrations  cov¬ 
ers  test  equipment,  microwave  ac¬ 
cessories  and  electronic  component 
parts. 


WRITE  FOR  PULI  INFORMATION  TODAY  I 


Lightning  Protection.  L.  S. 
Brach  Mfg.  Corp.,  200  Central 
Ave.,  Newark  4,  N.  J.  Important 
considerations  relative  to  the  role 


149-14  41st  Avonuo 
FlusMng,  Now  York 
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NEW  PRODUCTS 


PREiSSURE  PATTERNS  GUIDE 

in  Reducing  Fuel  and  Repair  Costs 


played  by  lightiyng  arresters  in 
radio,  police  and  fire  alarm,  rail¬ 
road  signal,  telephone  and  tele¬ 
graph  circuits  are  discussed  in 
Catalog  48-A.  A  complete  line  of 
arrester  and  terminal  facilities  and 
accessories  is  treated. 


Reveals  basic  facts  heretofore 
unknown! 


*1/1000-  I 

SICONPS 
wu>  incH 


Solves  many  problems  by  reproducinq 
on  osc'.lloqraph  screen  an  accurate  pic¬ 
ture  oi  explosion  er  pressure  variations 
related  to  factors  oi  time,  angular  ve¬ 
locity,  peak  and  top  dead  center  pres¬ 
sures.  crankshaft,  carburetor  and  ex¬ 
haust  actions,  etc. 


Storage  Battery  Research.  Gould 
Storage  Battery  Corp.,  Trenton  7, 
N.  J.  A  new  16-page,  fully  illus¬ 
trated  brochure  introduces  a  new 
and  complete  research  laboratory. 
Among  the  items  featured  are  raw 
materials  specification  and  test¬ 
ing,  instantaneous  voltage  meas¬ 
urement  and  the  proving  of 
products  of  research. 


Know  your  pressure  variations  and 
you  know  how  to  increase  engine, 
pump  or  pressure  line  efficiency. 


Quickly  pays  for  itself  in  operation  and 
maintenance  savings.  Now  used  by 
leading  engine,  aircraft  ond  automobile 
manufacturers,  oil  companies,  chemical 
plants  and  refineries,  military  and  naval 
ordnance,  etc. 


Instrument  Recording  Materials. 
Eastman  Kodak  Co.,  Rochester  4, 
N.  Y.  A  4-page  catalog  describes 
eleven  films  and  papers  used  to 
record  oscillograph  traces  and 
similar  phenomena.  A  graph 
shows  variety  in  speed,  contrast, 
color  sensitivity  and  other  speci¬ 
fications  as  determined  by  partic¬ 
ular  instruments. 


Angular  Sync  rrowurogragh  Syncro-Morkor  OiciNograph 

Whatever  your  special  problems  consul¬ 
tation  with  our  engineers  is  cordially 
invited. 


Suncf  today  for  thh 
from  booklet  illustrat- 
litg  many  typical  Pros- 
turograph  applica¬ 
tions. 


ELECTRO  PRODUCTS  LABORATORIES 


549  W.  Randolph  St. 


Chicago  6,  III. 


Phone  STate  7444 


High-Speed  Photography.  East¬ 
man  Kodak  Co.,  Rochester  4,  N.  Y. 
Applications  of  the  high-speed 
camera  to  industry  are  described 
in  a  12-page  booklet.  Information 
is  given  concerning  operating 
characteristics  and  the  acces¬ 
sories  commonly  used. 


imw,  IMPROVED  SIGNAL 

C0AXL41  RELAY 


FOR 

HIGH  FREQUENCY 
SWITCHING 

Double  coil  electro-magnets 
provide  increased  power  for 
extra  high  contact  pressures, 
insuring  positive  contact  un¬ 
der  vibration  conditions. 

Actuating  rod  of  special 
molded  composition  floats  in 
ball  and  cup  end  bearings. 
Armature  provided  with  oilite 
bearings,  with  stainless  steel 
pin,  insuring  mechanical  life 
of  several  million  operations. 

Contact  arm  construction  pro¬ 
vides  wiping  action  in  both 
transmit  and  receive  posi¬ 
tions. 

Bulletin  C6  upon  request 


Predetermined  Counters.  Produc¬ 
tion  Instrument  Co.,  710-12  W. 
Jackson  Blvd.,  Chicago  6.  Ill.  Bul¬ 
letin  ES-91  is  a  16-page  illustrated 
booklet  showing  the  application 
of  electric  and  electric-eye  count¬ 
ing  to  the  requirements  of  modern 
industry.  Examples  given  include 
devices  for  counting  parts,  cart¬ 
ons,  mechanical  operations  and 
folding  machine  production. 


Relay  Selection.  Allied  Control 
Co.,  Inc.,  2  East  End  Ave.,  New 
York  21,  N.  Y.  The  new  relay 
guide  illustrates  a  complete  line 
of  twenty-four  small,  compact,  re¬ 
lays  of  varied  types  and  features. 
A  detailed  table  enumerates  the 
specifications  ■  of  each  relay. 
Copies  are  available  upon  request. 
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An  Announcement 

OF  IMPORTANCE 
TO  ALL 

MANUFACTURERS 

OF  RADIO  EQUIPMENT 


HOWARD. W.  SAMS’  UBOHATORIES 
NOW  AVAIUBLE  FOR  COMPLETE 
PREPARATION  OF  SERVICE  DATA 
MANUAL  FOR  MANUFACTURERS 

The  active  demand,  cooperation  and  en¬ 
couragement  of  many  manufacturers  in 
the  industry,  has  brought  about  the 
creation  of  the  Howard  W.  Sams’  Manu¬ 
facturers'  Division.  The  full  facilities  of 
the  Sams’  laboratories  are  now  available 
to  manufacturers  of  A.M.,  F.  M.  and 
Television  Receivers;  Record  Changers; 
Recorders ;  Inter-Communication  units ; 
Power  Amplifiers;  and  kindred  electronic 
equipment,  for  the  preparation  and  pub¬ 
lication  of  service  manuals. 

This  new  service  offers  you  the  prepara¬ 
tion  of  complete,  accurate,  logical  serv¬ 
ice  data,  relieving  your  service  and  en¬ 
gineering  divisions  of  burdensome  de¬ 
tail,  and  effecting  significant  economies 
in  preparation  and  printing  costs. 

Our  staff  of  service  engineering  spe¬ 
cialists  are  ready  to  prepare  from  thor¬ 
ough  analysis  of  the  actual  equipment, 
the  following  data :  Text  material,  cover¬ 
ing  construction,  operation,  installation 
and  service  procedures  compilation  of 
parts  lists  and  specifications;  clear,  ac¬ 
curate  schematic  diagrams  based  on  the 
exclusive  PHOTOFACT  "Standard  No¬ 
tation"  system;  "exploded”  views  and 
full  photographic  coverage  of  the  prod¬ 
uct.  Production  experts  supervise  the  final 
preparation  and  publication  of  data. 

NOW  SERVING  THESE  CLIENTS; 

We  are  at  present  serving  a  considerable 
industry  group.  Service  manuals  and 
data  have  been  satisfactorily  prepared 
(with  many  others  in  work): 

Brush  Development  Co. 

Colonial  Radio  Corp. 

Crescent  Industries 

Fmerson  Radio  &  Phonograph 

General  Electric  Co. 

The  Hallicrafters  Co. 

Lear,  Inc. 

Meissner  Mfg.  Co. 

Milwaukee  Stamping  Co. 

Montgomery  Ward  &  Co. 

Sears  Roebuck  &  Co. 

Telequip  Mfg.  Co. 

V-M  Corporation 

W’ire  Recording  Corp.  of  America 
Specimens  of  our  work  are  available  on 
request.  Your  inquiries  are  invited.  Our 
representative  will  gladly  call  on  you  to 
explain  the  entire  service.  Address  your 
inquiries  to  our  Manufacturers’  Division. 

HOWARD  W.  SAMS  &  CO..  INC. 

Indianapolis  7,  Indiana 

Publishers:  1‘IIOTOKACT  KoMer  .Sets  and 
Volumes.  ‘'Aulomallc  Record  Chaniter  Sendee 
Manual";  "Dial  Cord  Strinalna  Guide"; 
"Itadio  Ileceiver  Ttilie  riaceinenl  tlulde.  ’ 
tniier  Voliiiiies  in  preparatiun.  t'oniplele  data 
on  reiiuest. 


NEWS  6F  THE  INDUSTRY 
(continued  from  p  138) 

mathematics,  electronics,  metal- 
lurjry,  propulsion  systems  for  rock¬ 
ets  and  missiles,  and  fire  control  and 
Ifuidance  systems.  Reseaixh  is  un¬ 
der  the  direction  of  L.  T.  E.  Thomp¬ 
son,  who  is  aided  by  a  large  staff 
of  scientists  and  technical  per¬ 
sonnel. 


Artist’s  sketch  gives  aerial  view  of  Michel- 
son  Laboratory  in  heart  of  Moiave  Desert 


BUSINESS  NEWS  j 

Western  Electric  Co.,  manufac¬ 
turing  and  supply  unit  of  the  Bell 
System,  has  arranged  to  purchase  a 
130-acre  industrial  site  for  the  con-  | 
struction  of  a  manufacturing  plant 
at  Indianapolis,  Ind. 

Brown  Instrument  Co.,  Philadel¬ 
phia  has  begun  a  $2,500,000  expan-  j 
sion  program  which  includes  the 
construction  of  new  five-story  build-  , 
ing  on  foundations  designed  to  sup¬ 
port  four  additional  floors. 

Crown  Capacitor  Corp.,  316  Stuart 
St.,  Boston,  Mass.,  was  recently 
formed  to  produce  a  line  of  fixed 
paper  capacitors. 

National  Research  Corp,,  Cam¬ 
bridge,  Mass.,  has  granted  an  ex¬ 
clusive  license  to  Smith  Paper,  Inc., 
Lee,  Mass.,  for  the  production  of 
metallized  paper  for  use  in  elec¬ 
trical  capacitors. 

Machine  O’Matic  Co.,  electronic 
control  and  attachments  manufac¬ 
turer,  recently  m'oved  from  Flush¬ 
ing,  N.  Y.  to  Ashley,  Ohio. 

Allen  B.  Du  Mont  Laboratories, 
Inc.,  Passaic,  N.  J.,  recently  dem¬ 
onstrated  a  sy.stem  called  tele-trans¬ 
cription  for  transcribing  television 
shows  on  film.  This  opens  the  way 
for  a  new  type  of  television  net- 


RED  SIREfill 


TAPE 


Look  for 

thislabel 


Made  -with  exacting 
care  Red  Sfreak  Acid-Free  tapes  and 
gummed  flat  sheets  are  made  to  con¬ 
form  to  the  most  critical  specifica¬ 
tions  and  are  uniform  throughout. 
Tests  for  free  acids  and  alkalines  are 
made  b'y  P  H  method.  Available  in 
materials  and  thicknesses -below. 


^^005  Gummed  White 
Flexible  Holland 
.005  Gummed  Red  Rope 
f  9  .010  Gummed  Red  Rope 
e  .002  Gummed  Glassine 
•  .003-.004-.00s-.006> 
.007-.010  Kraft 
\  •  .005-.007-.010  Dork 
I  Grey  Fish 

The  RIGHT  Acid-Free 
tape  for  you  is 


TUBES  BY 
PARAMOUNT. 
FT.  WAVNE  A 


TlieBrDwi'Bn%Mills,lnc. 


CHICAGO  [TtQH  IjIfflQ  NEW  YORK 

60S  $  Dearborn  ■‘■AvJyVlIlV  jj, 

ST.  lOUIS  SAN  FRANCISCO  •  SEATTIE 

40S3  linden  tied.  410  Market  Si.  1416  FinI  St. 


service 


j  one  oT  »>' 
basic 
Milord 
rivet  setting 

iflochines  — 

oHering 

jniimited 

fersatility.. 


(xactly  the 
-ight  setni- 
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Miitord's 

complete 
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MUFORD 


RtV-tT 

&  MACHINE  COMPANY 

1000  MERWIN  ROAD 
MILFORD  CONN 


1000  WEST  RIVER  ST 
ELYRIA.  OHIO 


work — a  network  by  tele-transcrip¬ 
tions  made  by  filming  video  pro¬ 
grams  off  the  face  of  a  c-r  tube. 

RCA  International  Division  has 
concluded  an  agreement  with  the 
Societe  des  Lamps  Fotos,  whereby 
American-type  radio  tubes  will  be 
manufactured  in  volume  in  France. 

Westinghouse  Electric  Corp.  and 
Philco  Corp.  will  establish  a  joint 
radio  and  television  center  in  the 
Westinghouse-KYM  building,  Phil¬ 
adelphia,  Pa. 


PERSONNEL 

Charles  F.  Stromeyer,  vice-presi-  i 
dent  of  the  Hytron  Radio  and  Elec-  ! 
tronics  Corp.,  Salem,  Mass.,  is  the 
new  president  of  Remco  Electronics, 
Inc.,  New  York  City. 

Carroll  Stansbury,  holder  of  54 
patents  in  the  fields  of  motor  con¬ 
trol,  industrial  electronics  and  re¬ 
sistance  welding,  has  been  ap¬ 
pointed  to  the  electronics  division 
of  the  National  Bureau  of  Stand¬ 
ards,  where  he  will  do  research 
work  in  the  Engineering  Electron¬ 
ics  Laboratory. 


C.  Stansbury 


H.  E.  Rhodes 


Howard  E.  Rhodes,  formerly  vice- 
president  and  chief  engineer  at 
Aerovox  Corp.,  was  appointed  chief 
engineer  of  the  new  capacitor  plant 
of  Sangamo  Electric  Co.  at  Marion, 
Illinois. 

Richard  Hodgson  was  recently  ap¬ 
pointed  director  of  technical  oper¬ 
ations  for  the  television  division  of 
Paramount  Pictures  Inc. 

Donald  G.  Wilson  has  been  named 
chairman  of  the  department  of  elec¬ 
trical  engineering  at  the  University 


NEW 

Hysteresis 

SYNCHRONOUS 

MOTORS 


1/20  H.P. 
1800  R.P.M 
Rsverdble 
Continuous 
Duty  Type 
93  HSK-I 


•  NO  NOISE 

•  NO  VIBRATION 

•  HUNT  and  "WOW"  ELIMINATED 

•  INDEPENDENT  of  LOAD  INERTIA 

-  Applications:  - - 

Disc,  wire  and  film  recorders 
Sound  cameras  and  projectors 
Facsimile  equipment 
Television  equipment 
Timing  devices 
Stroboscopic  work 
Teletype  equipment 


The  hysteresis  design  of  this  new  Syn¬ 
chronous  Motor  lowers  noise  and  vibra¬ 
tion  level  to  a  fraction  of  that  nor¬ 
mally  present  in  conventional  salient 
pole  construction. 

A  most  important  advantage  is  its 
ability  to  synchronize  independently  of 
inertia  present  in  the  load.  Unaffected 
by  the  inertia,  the  H.  P.  required  need 
only  to  be  sufficient  to  drive  the  fric- 
tionol  component  of  the  load. 

Supplied  in  round  frame,  resilient 
mount  and  rigid  base. 

1/50  H.P.  and  1/100  H.P.  ratings  in  a 
smaller  frame  size  ore  available.  Write 
for  particulars. 


EASTERN  AIR  DEVICES,  me 

1  30  FLATBUSH  AVENUE 
BROOKLYN  17,  NEW  YORK 
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)NICS 


news  of  the  industry 


of  Kansas.  In  1942  he  joined  a 
group  at  the  MIT  radiation  labora¬ 
tory  doing  research  on  means  of 
propagating  microwaves. 


Carl  Maurer,  with  the  Paramount 
television  division  for  the  past  four 
yearsy  has  been  advanced  to  super¬ 
visor  of  development  engineering. 


Murray  G.  Crosby,  former  research 
engineer  for  RCA  and  later  a  mem¬ 
ber  of  the  firm  of  Paul  Godley  Co., 
consulting  engineers,  has  opened  a 
radio-electronic  consulting  and  de¬ 
velopment  laboratory  under  the 
name  of  Crosby  Laboratories,  126 
Old  Country  Road,  Mineola,  N.  Y. 


M.  G.  Crosby 


B.  B.  Bauer 


B.  B.  Bauer,  formerly  director  of 
engineering,  was  recently  appointed 
vice-president  of  Shure  Brothers, 
Inc. 


Sidney  Davidson,  a  member  of  the 
NBC  engineering  staff  since  1945, 
has  been  named  studio  supervisor 
of  WPIX  (Channel  11),  The  News 
television  station  in  New  York. 


William  J.  Kelly,  NBC  engineer 
since  1931,  has  joined  WPIX  as 
transmitter  supervisor. 


Robert  M.  Morris,  after  12  years 
as  administrative  head  of  television 
engineering  operations  for  NBC, 
has  been  appointed  engineer  in 
charge  of  television  for  the  Amer¬ 
ican  Broadcasting  network’s  Cen¬ 
tral  Division. 


Douglas  H.  Ewing,  previously 
manager  of  Teleran  Engineering, 
was  appointed  manager  of  all  ad¬ 
vanced  development  engineering  at 
RCA  Engineering  Products  Depart¬ 
ment,  Camden,  N.  J. 


Charles  R.  Schmidt,  formerly  elec¬ 
tronic  engineer  with  Finch  k'ac- 
imile,  Curtiss  Wright  and  Federal 
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Engineers  and  Designers  who  insist  on  dependable  com¬ 
ponents  hove  adopted  Vickers  Selenium  Rectifiers  into 
their  circuits.  They  ore  specifying  Vickers  products,  ond 
are  submitting  their  rectifier  problems  to  us.  Our  greotly 
expanded  plant  facilities,  plus  the  recognized  dependa¬ 
bility  of  Vickers  products,  moke  it  possible  for  us  to  offer 
the  most  complete  line  of  Selenium  Rectifiers  and  self¬ 
generating  PhotoeJectric  Cells. 


PHOTOELECTRIC  CELLS 


3.,  fOVVtt'* 

VICKERS  ELECTRIC  DIVISION 


IKlCKERf  .Hc 

2160  EAST  IMPERIAL  HIGHWAY  e  EL  SEGUNDO,  CALIF. 

EXPORT:  Frozar  &  Hansen,  Ud.,  301  Clay  Si.,  San  Francisco  It,  Calif. 
CANADA:  Powertronic  Equipment  ltd.,  494  King  St  ,  E.  Toronto  2,  Canodo 


For  precise  Voltage  Control — the 
"  “Superior”  line  of  variable  trans¬ 
formers  stands  at  the  top  of  the 
,  list.  It  is  “Superior”  in  perform- 
4'  ance  —  “Superior”  in  mechanical 
'M  construction  —  “Superior”  in  de- 
^  s^jn  and  durability. 


VARIABLE  TRANSFORMERS 

TYPE  20:  115V.  input,  0-135  V.  output  @  3.0  amps. 

0.4  KVA  . . . 

TYPE  116:  Mounted;  115V  input,  0-135  V.  output  @ 

7.5  amps.  1.0  KVA  . . . 

TYPE  116U:  Unmounted;'  115V.  input,  0-135  V.  out¬ 
put  @  7.5  amps.  1.0  KVA  . 

TYPE  1126:  115V.  input,  0-135-V.  output  Q  15.0 

amps.  2.0  KVA  .  . . . 

TYPE  1226*  230V.  input,  tapped  at  115  V.,  (>-270  v! 

output  @  9.0  amps.  2.4  KVA  . 

TYPE  1156:  115V.  input,  0-135  V.  output  @  45.6 

amps.  6.1  KVA  . . . 


If  not  rated  25%  with  order, 
balance  C.O.D.  All  prices  F.O.B. 
our  warehouse  New  York.  We 
ship  to  any  part  of  the  globe. 
Write  Dept.  EL 


fhe  Home  of  RADIO 


75  VESEY  STREET 

COrtlandt  7-2612  N.  Y.  C.  7 


Nvoi*  loivs 


PATS.  PEND. 


100  AAA.  UNIT 

•  Max.  A.  C.  lint  input  130  volts 
rms 

•  Max.  Inst,  ptak  currant  1000 
Ma. 

•  Max.  invars#  ptak  voltaga  360 

•  Avaraga  oparating  tamp.  105*F 

•  Dimansiens:  4-1/16"  X  1-1/16* 
X  5/32* 

•  Othar  Sisas:  75  Ma,  and  200 


Kotron's  matollic  ractifying  elements  are 
mounted  in  one  plane.  Plates  cannot  con¬ 
tribute  heat  to  each  other.  Result — Cooler 
Operation  .  longer  life  ...  increased 
circuit  efficiency.  Wafer-thin  Kotron  saves 
space,  mounts  easier. 

M/nfe  for  Complete  T’achnlcof  Data,  Prices 
and  Dalivary 


ITAMPAttP  ARCTURUS  CQI 

54  CLARK  STREET  P  NEWARK  4.  NEW  JERSEY  ^ 


Ration 

^HUmboldt  2-2400 


KNOW  ACTUAL  RF  POWER  FED  TO 
FM  ANTENNA— WITH 


3  J 


Glancing  at  M'ero- 
Match  Modal  MM-200 
indicator  unit  at 
WTHT's  new  FM 
transmitter  is  Charles 
S.  Mosini,  C%iaf  Engi¬ 
neer  of  station. 
Above,  coupler  unit 
in  standard  1^'*  dia. 
coaxial  line. 


Micro-Match  gives  you  direct,  continuous  accurate  reading  in 
kilowatts.  Also  gives  precise,  continuous  redding  of  SWR  of 
antenna  system.  Thus  at  a  glance  you  are  assured  of  the 
proper  functioning  of  the  complete  RF  portion  of  your  trans¬ 
mitter  and  of  your  atenna  system  and  transmission  line. 

MICRO-MATCH  models  available  for  operation  at  500  KC 
to  250  MCS,  and  power  levels  of  2  to  50.000  watts. 

Write  for  complete  descriptive  literature 

M.  C.  JONES  ELECTRONICS  COMPANY 


96  North  Main  Street 


Bristol,  Connecticut 


Dlitributet  sutild*  esntinentsi  U.S.A.  by  RCA  International  Oiviiion  Radio  Corporation  of  America. 
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I  Telephone  and  Radio,  is  now  as- 
I  sistant  chief  gngineer  at  Airlectron 
i  Engineering  Co.,  Caldwell,  N.  J. 

I  He  will  take  charge  of  new  product 
development  in  electronic  instru- 
i  mentation. 

i 

i  Simon  Ramo,  formerly  with  G-E, 

1  has  been  appointed  Research  Asso- 
i  ciate  at  California  Institute  of 
i  Technology  and  is  now  also  director 
i  of  guided  missile  development  at’ 

;  Hughes  Aircraft  Co.,  Culver  City, 

I  Calif. 

William  R.  Ahern,  associated  with 
j  General  Electric  since  1941  as  en- 
I  gineer  in  the  television  equipment 
j  division,  was  appointed  an  engineer 
I  in  the  facilities  section  of  the  Amer- 
!  lean  Broadcasting  Company’s  en- 
;  gineering  department  in  New  York. 

I  Donald  L.  Herr,  formerly  officer 
in  charge  of  the  U.  S.  Naval  Ship- 
!  yard  surge  project  at  Terminal  Is- 
;  land,  Calif.,  has  joined  the  engineer- 
i  ing  staff  of  Allen-Bradley  Company 
!  of  Milwaukee,  Wise.,  to  develop 
;  servomechanisms  for  machine  tool 
and  other  motor  controls. 

Karl  Spangenberg,  professor  of 
electrical  engineering  at  Stanford 
University  and  formerly  technical 
I  consultant  with  the  OSRD,  has  been 
granted  a  leave  of  absence  for  a 
i  year  to  direct  the  electronics  activi- 
I  ties  of  the  Office  of  Naval  Research. 

George  R.  Bastedo,  previously  as- 
.sociated  with  the  development  of 
guided  missiles  for  the  U.  S.  Navy, 
has  been  appointed  to  the  staff  of 
the  National  Bureau  of  Standards 
as  electronics  engineer  for  the 
Guided  Missile  Section. 

N.  F.  Shofstall,  with  G-E  for 
nearly  20  years,  was  recently  named 
division  engineer  in  charge  of  all 
engineering  for  the  Receiver  Divi¬ 
sion  at  Electronics  Park  in  Syra¬ 
cuse. 

Joseph  Strockbine  is  the  new  su¬ 
pervisor  in  charge  of  transmitter 
maintenance  at  WPIX.  He  has  been 
in  the  transmitter  department  of 
RCA  at  Camden,  N.  J.  since  1940, 
and  has  tested  every  RCA  television 
tran.smitter  produced  to  date,  in¬ 
cluding  the  RCA  TT-5A  which  i.s 
being  in.stalled  in  the  Daily  New.s 
i  Building. 
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The  2K''  magnetic  projection 
triode  3NP4  has  a  face  as  small  as 
a  compact  and  is  only  lOJi"  long. 


A  VAST  NEW  MARKET  OPPORTUNITY  FOR 
MANUFACTURERS  OF  TELEVISION  RECEIVERS 

X — MOTfs  rnese  10  siQMifiCAHT  features — s 


6  Standard  chassis  for  10"  direct- 
viewing  tube  system  can  be  easily 
adapted  for  use  with  PROTEL- 
GRAM. 

7  Easy  to  service. 

8  High  contrast  ratio  and  broad  gray 
tone  range. 

9  Simple  optical  adjustment  system. 
to  Quality  built  after  more  than  10 

years  of  development. 


f  Flat  16*  X  12"  non-reflecting  pic¬ 
ture  provides  fatigueless  viewing 
from  less  than  5  feet  up. 

2  Wide-angle  visibility  —  square  cor¬ 
ners. 

3  True  photographic  black  and  white 
picture  quaJuty— no  color  distortion. 

A'  Compact  unit— even  fits  table  model 
cabinets. 

5  Long-life,  low-cost  picture  tube. 


NORELCO  PROTELGRAM  consists  of  a  projection  tube,  an  optical 

lx)x  with  focus  and  deflection  coils,  and  a  25  kv  regulated  power 

supply  unit,  making  possible  large-size  home  projection.  More  than 

ten  years  of  exhaustive  research  led  to  the  determination  of  the  ideal  ^ 

system  for  reproducing  a  525-line  projected  picture.  The  optical  K  A 

components  were  designed  to  produce  perfected  projection  for  a 

16"  X  12"  image  as  the  optimum  picture  size  for  steady,  distant  obser-  l 

vation  and  also  for  proper  viewing  at  less  than  5  feet, 

*  Othtr  NOKELCO  products  include  standard  10"  direct-viewing  tubes 
and  special-purpose  cathode-ray  tubes  for  many  applications. 


PROTELGRAM  IS  PICTURE  PERFECTION  IN  PROIECTION 


NORTH  AMERICAN  PHILIPS  COMPANY,  INC 


om.  TE-8,  100  tAST  42nd  STREET.  NEW  YORK  17,  N.  Y.  *  IN  CANADA:  PHIlIRS  INDUSTRIES  ITD.,  1203  PHILIPS  SQUARE,  MONTREAL 


EXPORT  REPRESENTATIVE.  PHUiPS  EXPORT  CORPORATION,  TSQ  S.  fUiTON  AVENUE,  MT.  VERNON,  N.  Y. 
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PRINTED  CIRCUITS .  . Cov«r 

Miniature  components  and  wiring  fired  onto  ceramic  plate  (center — front  and  reor  views)  permit  simplification  of 
hearing-aid  design  (top — front  and  rear  views).  Equivalent  conventionally  wired  chassis  is  shown  at  lower  left  for 
comporison.  Photo  by  Moni  Hans  Zielke  for  Centralab 

TELEVISION  SHADOWS . Frontispiece 
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